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METHOD AND APPARATUS FOR PREDICTING THE 
LIFE OF A ROLLING BEARING , ROLLING BEARING SELECTION 
APPARATUS USING THE LIFE PREDICTION APPARATUS, AND 

STORAGE MEDIUM 

5 

BACKGROUND OF THE INVENTION 
1 . Field of the Invention 

The present invention relates to a method and an 
O apparatus which can correctly predict the life of a 

m 10 rolling bearing having a specification that enables the 

J3 basic dynamic load rating and the basic static load 

III 

^ rating to being calculable, a rolling bearing selection 

% apparatus using the life prediction apparatus, and a 

^ storage medium storing a program for life prediction. 

S 15 2. Description of the Related Art 
%m ■ — ~ — 

The basic rating life L i0 of a rolling bearing is 
defined in JIS B1518: 1992, and usually calculated by the 
following expression : 

Lio = (C/P) p (1) 
2 0 where C is a basic dynamic load rating of the rolling 

bearing, P is a dynamic equivalent load which acts on the 
bearing, and p indicates a load index that is set to p = 
3 in the case of a ball bearing, and to p = 10/3 in the 
case of a roller bearing. The basic rating life L xo 
25 indicates the life in the case where the reliability is 
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90% f usual materials are used, and the bearing is 
produced with a usual production quality and used under 
normal service condition. 

By contrast, a corrected rating life L na with respect 
5 to a reliability (100 - n) % in the case where the failure 
probability is n%, special bearing characteristics,, and 
specific service condition is given by the following 
expression : 

J L na = ai • a 2 ♦ a 3 • L 10 (2) 

P 10 where ai is a reliability coefficient which is listed in 
m Table 1 below, and which has a smaller value as the 

□ reliability is higher. 

D Table 1 



Reliability % 


Lna 


ai 
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LlOa 
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L5a 


0 . 62 
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0 . 53 
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L 3a 


0 .44 


98 




0 . 33 


99 


Lla 


0.21 



15 Moreover, a 2 is a bearing characteristic coefficient 

which is used for correcting extension of the fatigue 
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life due to improvement of materials * The coefficient is 
usually set to 1.0. When vacuum degassed bearing steel 
is used, the coefficient is set to 1.0 or more, and, when 
high cleanness steel is used, the coefficient has a 
larger value. The coefficient a 3 is a service condition 
coefficient which is used for correcting influence on the 
lubrication condition, and, when a sufficient oil film 
thickness is expected, a 3 > 1 is set. By contrast, a 3 < 1 
is set when the viscosity of the lubricating oil in an 
oil contacting portion is excessively low, when the 
peripheral speed of a rolling element is very low, when 
the bearing temperature is high, or when a foreign 
material or water enters a lubricant. 

In the related art example, correction to which the 
reliability, the bearing characteristics, and the service 
condition are added is performed on the basic rating life 
Lio of expression (1), whereby the accuracy of the 
prediction of the life of a rolling bearing can be 
improved. In the corrected rating life L na , however, it 
is difficult to quantify the bearing characteristic 
coefficient a? and the service condition coefficient a 3 , 
and particularly the degree of determining the service 
condition coefficient a 3 is insufficient. Consequently, 
there arises a problem in that the basic dynamic rating 
life is dispersed. Therefore, it may be contemplated to 



handle a 2 x a 3 as a single value. In this case, under 
usual lubrication condition, a 2 x a 3 = 1 is set, and, when 
the viscosity of the lubricant is excessively low, the 
value is so small as that a 2 x a 3 = about 0.2. When the 
bearing is not inclined and the film thickness of the 
lubricating oil is sufficient at the operating 

temperature, a 2 x a 3 = 2 may be employed. In this way, 
the product of the bearing characteristic coefficient a 2 
and the service condition coefficient a 3 is varied in the 
range of 0.2 to 2.0, so that the life is changed ten 
times simply by the product of the coefficients. As a 
result, there is an unsolved problem in which the life 
prediction cannot be correctly performed. 

As described in NSK Technical Journal (No. 655 
(1993), pp. 17-24, Fig. 9), it is reported that 
dispersion of the actual bearing life L i0 is very large. 
Namely, the actual bearing life is about twenty times the 
calculated life according to JIS in the case of super 
clean (using a two-stage filter) , is substantially equal 
to the calculated life according to JIS in the case of 
mild contamination, and is about 1/7 to 1/25 of the 
calculated life according to JIS in the case of severe 
contamination. Therefore, it is very difficult to 
predict the life of an actual rolling bearing, and life 
prediction cannot be correctly performed. 



As described in a report by Furumura, Murakami, Abe, 
et al. (ASTM STP 1195, J, JC. Hoo, Ed., 1993, pp. 199- 
210), depending on the cleanness of a material, the 
butterfly occurrence limit serving as an index indicating 
the rolling fatigue limit is varied, and, as compared 
with the occurrence limit of a material S (NSK standard 
material) which is at a contact surface pressure = 1,850 
MPa, the butterfly occurrence limit of a material L of 
lower cleanness is 1,100 MPa. With respect to a usual 
bearing material, when the contact surface pressure is 
1,500 MPa or lower on the safe side in the case where a 
bearing is used under clean lubrication and ideal 
condition, the dynamic equivalent load at which peeling 
does not occur even after the number of repeated stresses 
reaches 10 11 cycles can be considered as a fatigue limit 
load Pu. 

As described in Proceedings of Japan Tribology 
Conference (Osaka, 1997-11, pp. 324-326), when an oil 
film parameter A [= h min /V (h rl 2 - h c2 2 ) where h rl and h r2 : 
mean square roughnesses of two contacting faces, and h mirt :* 
the minimum thickness of EHL oil film] serving as an 
index indicating lubrication condition is small (for 
example, A < 3) , the life is sometimes shortened to about 
1/10 of that in the case where the oil film is sufficient, 
and sometimes not shortened. Therefore, an index 



indicating lubrication condition must be expressed not by 
the oil film parameter A, but by another parameter. 

SUMMARY OF THE INVENTION 
The invention has been conducted in view of the 
unsolved problems of the related art example. It is an 
object of the invention to provide a method and apparatus 
for predicting the life of a rolling bearing in which the 
life of the rolling bearing can be accurately predicted 
while input condition is simplified. 

In order to attain the object, the method of 
predicting a life of a rolling bearing according to a 
first aspect of the invention is a method of predicting a 
life of a rolling bearing in which a life of a rolling 
bearing having a specification which enables a basic 
dynamic load rating C and a basic static load rating C 0 
to being calculable is predicted, wherein, when an 
equivalent load is P, a load index is p, a viscosity 
ratio of a lubricant is k, a contamination degree 
coefficient is a c , a fatigue limit load is Pu, and a life 
correction coefficient is a NS K, a corrected rating life L A 
of the rolling bearing at a certain reliability 
coefficient ai is calculated by: 

L A = ai • a NS K • (C/P) p 
a NS K k f[F(K), { (P - Pu)/C} • l/a c ] . 



The corrected rating life L A is calculated by the 
above expression because of the following reason. 

The expression of calculating the life of a rolling 
bearing originates in the basic concept indicated in 
expression (3) below, as made public by Lundberg, G and 
Palmgren, A in 1947 in Acta Polytechnica, Mechanical 
Engineering of Basic Engineering, 82, pp. 309-320 as 
"Dynamic Capacity of Rolling Bearings." 
[Ex. 1] 



1 To c • N° • V 
S Zo h 



i n ^.n — _ (3) 



In the above expression, S is the residual ratio, x 0 
is the maximum shearing stress, z 0 is the depth where x 0 
occurs, N is the number of repeated stresses at which 

15 peeling is caused, V is the stress volume (the volume 

under a contacting face on which stress acts), and c, h, 
and e are constants. 

As a concept developed from expression (3) above, 
Ioannieds, E, Harris, T, et al . introduced the concept of 

20 a fatigue limit load into an expression of calculating 
the life of a rolling bearing, and reported expression 
(4) below in ASME transactions, Journal of Tribology, Vol 
107, pp. 367-378 as "A New fatigue life model for rolling 
bearings . " 

25 [Ex. 2] 



where t u indicates the fatigue limit shearing stress which 
relates to the cleanness of a material of the bearing and 
heat treatment . 

With respect to the concept of the peeling life of a 
bearing, expression (4) above follows the concept of 
internal origins, and hence has a problem in that the 
expression is insufficient as compared with an expression 
in which the mode of surface origin peeling is considered. 

In the invention, therefore, expression (5) below into 
which the contamination degree coefficient a c and the 
lubrication parameter a L are newly incorporated as 
lubrication environment is considered as an expression 
indicating the mode of surface origin peeling. 
[Ex. 3] 

1 (T-Tu ) c r 1 ) 

S v z 0 h 1 f ( a c. a L ) ' 

In the invention, in order to correctly predict the 
life of a rolling bearing, therefore, the following 
expression (6) is considered in which expression (4) 
above indicating the internal origin peeling, and 
expression (5) above indicating the surface origin 
peeling are combined with each other. 
[Ex. 4] 
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1 • (T-Tu ) c 

1 n— ocN e S Vx 

S v Zo h 



f ( a c, a L ) 



;6) 



When expression (6) above is expanded, an expression 
which can correctly predict the life of a bearing is 
5 obtained as follows: 

L A = ai • a NS K • (C/P) p (7) 
a NSK k f[F(K), { (P - Pu)/C} • l/a c ] (8) 
In this way, it has been found that the life correction 
O coefficient a N sK is a function of the lubrication 

w 10 parameter a L and the load parameter { (P - Pu)/C} • l/a c . 
Q The method of predicting a life of a rolling bearing 

according to a second aspect of the invention is 
L, characterized in that, in the first aspect of the 

SI invention, a material coefficient a m is applied to the 

|Sj 15 contamination degree coefficient a c as a degree of 

influence of steel at which the life can be prolonged by 
a component of the steel and a heat treatment, and the 
contamination degree coefficient a c is calculated by: 
3-c g(a m , a c ) . 

20 

In the second aspect of the invention, the material 
coefficient a m is applied to the contamination degree 
coefficient a c as a degree of influence of steel at which 
the life can be prolonged by a component of the steel and 
2 5 a heat treatment, and the contamination degree 
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coefficient is calculated in consideration of the 
material coefficient a m/ whereby a more correct 
contamination degree coefficient a c can be obtained. 

The method of predicting a life of a rolling bearing 
according to a third aspect of the invention is 
characterized in that, in the first or second aspect of 
the invention, a function F(k) of the viscosity ratio k 
is set as a lubrication parameter a L , and the life 
correction coefficient a NS K is calculated on the basis of 
the lubrication parameter a L and a load parameter { (P - 

Pu)/C} • l/a c . 

In the third aspect of the invention, since the life 
correction coefficient a NS K is calculated on the basis of 
the lubrication parameter a L and the load parameter, it 
is possible to calculate the life correction coefficient 
a NS K in which the mode of surface origin peeling is 
considered. 

The apparatus for predicting a life of a rolling 
bearing according to a fourth aspect of the invention is 
an apparatus for predicting a life of a rolling bearing 
in which a life of a rolling bearing having a 
specification which enables a basic dynamic load rating C 
and a basic static load rating C 0 to being calculable is 
predicted, wherein the apparatus comprises: data 
information inputting means for inputting data 



information including the basic dynamic load rating C and 
the basic static load rating C 0 of the rolling bearing; 
dynamic equivalent load calculating means for calculating 
a dynamic equivalent load on the basis of the data 
information input by the data information inputting 
means; reliability setting means for setting a 
reliability coefficient; lubrication parameter 
calculating means for calculating a lubrication parameter 
on the basis of the data information; contamination 
degree setting means for setting a contamination degree; 
fatigue limit load calculating means for calculating a 
fatigue limit load; load parameter determining means for 
determining a load parameter on the basis of the basic 
dynamic load, the dynamic equivalent load, the fatigue 
limit load, and the degree of contamination; life 
correction coefficient setting means for setting a life 
correction coefficient on the basis of the lubrication 
parameter and the load parameter; and bearing life 
calculating means for calculating the life of the bearing 
on the basis of the reliability coefficient, the life 
correction coefficient, the basic dynamic load rating, 
the dynamic equivalent load, and a load index. 

In the fourth aspect of the invention, the data 
information inputting means inputs data information, the 
reliability setting means sets the reliability 
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coefficient a i7 and the contamination degree setting 
means sets the contamination degree, thereby enabling the 
lubrication parameter calculating means to calculate the 
lubrication parameter a L (= F(k)); the fatigue limit load 
calculating means calculates the fatigue limit load, and 
the load parameter determining means calculates the load 
parameter { (P - Pu)/C} • l/a C / thereby enabling the life 
correction coefficient setting means to perform the 
calculation of expression (8) above to set the life 
correction coefficient a N sK/' and the calculation of 
expression (7) above is performed to calculate the 
bearing life L A , on the basis of the life correction 
coefficient a NS K, the reliability coefficient ai, the 
basic dynamic load rating C, the dynamic equivalent load 
P, the fatigue limit load Pu, and the load index p. 

The apparatus for predicting a life of a rolling 
bearing according to a fifth aspect of the invention is 
an apparatus for predicting a life of a rolling bearing 
in which a life of a rolling bearing having a 
specification which enables a basic dynamic load rating C 
and a basic static load rating C 0 to being calculable is 
predicted, wherein the apparatus comprises: data 
information inputting means for inputting data 
information including the basic dynamic load rating C and 
the basic static load rating C 0 of the rolling bearing; 
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dynamic equivalent load calculating means for calculating 
a dynamic equivalent load on the basis of the data 
information input by the data information inputting 
means; reliability setting means for setting a 
5 reliability coefficient; lubrication parameter 

calculating means for calculating a lubrication parameter 
on the basis of the data information; contamination 
degree setting means for setting a contamination degree; 
fatigue limit load calculating means for calculating a 
"% 10 fatigue limit load; load parameter determining means for 
fK determining a load parameter on the basis of the basic 

p dynamic load, the dynamic equivalent load, the fatigue 

O limit load, and the degree of contamination; life 

HI correction coefficient setting means for setting a life 

O is correction coefficient on the basis of the lubrication 
parameter and the load parameter; bearing life 
calculating means for calculating the life of the bearing 
on the basis of the reliability coefficient, the life 
correction coefficient, the basic dynamic load rating, 
20 the dynamic equivalent load, and a load index; and 

recalculation judging means for judging whether, when a 
calculation result of the bearing life calculating means 
fails to coincide with a desired life, a recalculation 
for making the calculation result coincident with the 
25 desired life is required or not. 
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In the fifth aspect of the invention, in addition to 
the functions of the above-mentioned fourth aspect of the 
invention, the followings are attained. When a 
calculation result of the bearing life calculating means 
fails to coincide with a desired life, the recalculation 
judging means judges whether a recalculation for 
satisfying the desired life is required or not. If the 
recalculation is required, one of the followings is 
selected, namely, the rolling bearing is changed to one 
of a larger rating number, the material is changed to one 
of a lower contamination degree, or the viscosity of the 
lubricant is set to be higher, and then the recalculation 
is performed to determine a rolling bearing which 
satisfies the desired life. 

The apparatus for predicting a life of a rolling 
bearing according to a sixth aspect of the invention is 
characterized in that, in the fourth or fifth aspect of 
the invention, the contamination degree setting means 
sets a contamination degree coefficient in which a 
material coefficient serving as a degree of influence of 
steel at which the life can be prolonged by a component 
of the steel and a heat treatment. 

In the sixth aspect of the invention, in the same 
manner as the above-mentioned second aspect of the 
invention, the contamination degree coefficient is 



calculated in consideration of the material coefficient 
a m serving as a degree of influence of steel at which the 
life can be prolonged by a component of the steel and a 
heat treatment , whereby a more correct contamination 
degree coefficient a c can be obtained. 

The apparatus for predicting a life of a rolling 
bearing according to a seventh aspect of the invention is 
characterized in that, in one of the fourth to sixth 
aspects of the invention, the lubrication parameter 
calculating means calculates a viscosity ratio k which is 
a ratio of a kinematic viscosity v of a used lubricant at 
an operating temperature to a required viscosity vi at 
the operating temperature, from an operating kinematic 
viscosity v of the used lubricant, a mean diameter dm of 
the bearing, and a rotation number N of the bearing. 

In the seventh aspect of the invention, the 
viscosity ratio k which is a ratio of the kinematic 
viscosity v of a used lubricant to the required viscosity 
Vi at the operating temperature is applied as the 
lubrication parameter, whereby the oil film thickness in 
an operating state of the rolling bearing can be 

considered. As the viscosity ratio k is larger, the 
lubrication state is more excellent, and the bearing life 

is further improved, and, as the viscosity ratio k is 
smaller, the lubrication state is worse, and the bearing 
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life is further impaired. 

The apparatus for predicting a life of a rolling 
bearing according to an eighth aspect of the invention is 
characterized in that, in one of the fourth to seventh 
5 aspects of the invention, the life correction coefficient 
calculating means calculates the life correction 
coefficient on the basis of the load parameter and the 
lubrication parameter and with reference to a life 
O correction coefficient calculation map which indicates 

4? 10 relationships among values of the parameters and the life 
?5 correction coefficient with using the lubrication 

parameter as a parameter. 

In the eighth aspect of the invention, the life 
Jy correction coefficient calculation map which is 

O is previously stored is referred on the basis of the load 

parameter and the lubrication parameter, so that the life 
correction coefficient can be easily calculated. 

The apparatus for predicting a life of a rolling 
bearing according to a ninth aspect of the invention is 
20 characterized in that, in one of the fourth to eighth 

aspects of the invention, the apparatus further comprises 
exhibiting means for exhibiting the life of the bearing 
which is calculated by the bearing life calculating means. 
In the ninth aspect of the invention, the life 
25 prediction of a rolling bearing according to the user 
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specification which is calculated by the bearing life 
calculating means is exhibited, whereby the user is 
enabled to easily know it. For example, a parametric 
indication may be performed in which, as the abscissa 
5 parameter, the bearing size, the bearing load, the 
rotation number, the kind of the lubricant, the 
contamination degree, the service temperature, the 
material kind, and the reliability coefficient may be set, 

0 and the value of the bearing life may be set as the 

1 10 ordinate. On the basis of these data, the bearing 

-|h? designation number which is seemed to be optimum, and the 

jjT service condition which is optimum for the user may be 

^ exhibited in the form of a diagram or a table in a 

2fJ parametric manner. 

fS 15 The rolling bearing selection apparatus using an 

apparatus for predicting a life of a rolling bearing 
apparatus according to a tenth aspect of the invention 
comprises: bearing kind inputting means for inputting a 
bearing kind which is desired by a user; data information 

20 inputting means for inputting necessary data information 

other than required data information required by the user, 
from necessary data information including the basic 
dynamic load rating C and the basic static load rating C 0 
of the rolling bearing; data information assuming means 

2 5 for comparing the required data information which is 



17 



input by the data information inputting means with the 
necessary data information to assume data information 
which is not input; the apparatus for predicting a life 
of a rolling bearing according to the fourth aspect which 
performs calculation of predicting the bearing life on 
the basis of the data information which is input by the 
data information inputting means and the data information 
which is assumed by the data information assuming means; 
judging means for judging whether a calculation result of 
the apparatus for predicting a life of a rolling bearing 
satisfies the data information which is input by the data 
information inputting means or not; data information 
exhibiting means for, when a judgement result of the 
judging means indicates that the calculation result 
satisfies the data information, exhibiting the data 
information which is set by the data information assuming 
means; and recalculating means for, when the judgement 
result of the judging means indicates that the 
calculation result does not satisfy the data information, 
changing the data information which is assumed by the 
data information assuming means, and causing the 
apparatus for predicting a life of a rolling bearing to 
again perform the calculation. 

In the tenth aspect of the invention, the type of a 
bearing such as a ball bearing, a roller bearing, a 
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radial bearing, or a thrust bearing is input in the 
bearing kind inputting means, and, when the user wishes 
to know one of the optimum bearing, the optimum operation 
condition, and the predicted life period, the other two 
5 of the required data information are input in the data 
information inputting means. The data information 
assuming means assumes the one of the optimum bearing, 
the optimum operation condition, and the predicted life 
y period which is to be known. Then, the life predicting 

'% 10 calculation according to the fifth aspect of the 
1*5 invention is performed on the basis of the data 

H information and the assumed information. When the 

Q optimum operation condition is to be known, for example, 

:'!s$?b? 

Jlj the name of a bearing to be used, and a required life 

Q 15 period are input. As operation condition, the load 

acting on the bearing, the rotation number of the bearing, 
the operating temperature, the kind of the lubricant, the 
contamination degree of the bearing, and the kind of the 
bearing material are assumed, and the life predicting 
20 calculation is then performed. When the predicted life 
period does not satisfy the required life period, the 
life predicting calculation is further performed while 
changing the data information which is assumed by the 
data information assuming means. When the life 
25 predicting calculation satisfying the required life 
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period is performed, the operation condition at this time 
is exhibited as the optimum operation condition by the 
data information exhibiting means. 

The rolling bearing selection apparatus according to 
an eleventh aspect of the invention is characterized in 
that, in the tenth aspect of the invention, the data 
information inputting means, the data information 
assuming means, the apparatus for predicting a life of a 
rolling bearing, the judging means, the data information 
exhibiting means, and the recalculating means are 
accessible through an Internet. 

In the eleventh aspect of the invention, the user 
accesses through the Internet the data information 
inputting means, the data information assuming means, the 
apparatus for predicting a life of a rolling bearing, the 
judging means, the data information exhibiting means, and 
the recalculating means, so that one of the optimum 
bearing, the optimum operation condition, and the 
predicted life period can be easily selected through an 
information terminal owned by the user. 

The rolling bearing selection apparatus according to 
a twelfth aspect of the invention is characterized in 
that, in the eleventh aspect of the invention, the 
rolling bearing selection apparatus further comprises 
user registration accepting means for accepting user 
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registration through the Internet, and only a user who is 
registered in the user registration accepting means is 
allowed to access the data information inputting means, 
the data information assuming means, the apparatus for 
predicting a life of a rolling bearing, the judging means, 
the data information exhibiting means, and the 
recalculating means, through the Internet. 

In the twelfth aspect of the invention, only a user 
who is registered as a user in the user registration 
accepting means is allowed to select one of the optimum 
bearing, the optimum operation condition, and the 
predicted life period through the Internet. Therefore, 
the user information can be obtained by the user 
registration accepting means. 

The rolling bearing selection apparatus according to 
a thirteenth aspect of the invention is characterized in 
that, in the tenth or eleventh aspect of the invention, a 
language which is handled in the data information 
inputting means, the data information assuming means, the 
apparatus for predicting a life of a rolling bearing, the" 
judging means, the data information exhibiting means, and 
the recalculating means is selectable. 

In the thirteenth aspect of the invention, since the 
language which is handled in the data information 
inputting means, the data information assuming means, the 



apparatus for predicting a life of a rolling bearing, the 
judging means, the data information exhibiting means, the 
recalculating means is selectable, any language such as 
Japanese, English, German, or French can be selected, so 
that a rolling bearing can be selected with using a 
language desired by the user. 

The rolling bearing selection apparatus according to 
a fourteen aspect of the invention is characterized in 
that, in one of the tenth to thirteenth aspects of the 
invention, the data information exhibiting means performs 
one of exhibition of prediction of the life of the 
rolling bearing, exhibition of an optimum bearing, and 
exhibition of optimum service condition. 

In the fourteenth aspect of the invention, one of 
prediction of the life of the rolling bearing, an optimum 
bearing, and optimum service condition which one is 
desired by the user can be properly exhibited. 

The rolling bearing selection apparatus according to 
a fifteenth aspect of the invention is characterized in 
that, in one of the tenth to thirteenth aspects of the 
invention, the data information exhibiting means exhibits 
one of prediction of the life of the rolling bearing, an 
optimum bearing, and optimum service condition, as image 
information in which a parameter is changeable. 

In the fifteenth aspect of the invention, when the 



service condition of the bearing is to be exhibited, for 
example, it is possible to display a predicted value of 
the life in the case where the contamination degree 
serving as a parameter is changed, in the form of a graph 
or a table in which the abscissa indicates the 
contamination degree coefficient, and the ordinate 
indicates the predicted value of the life. Therefore, 
the limit values of the optimum bearing, the optimum 
operation condition, and the predicted life period can be 
visually recognized in an easy manner. 

The rolling bearing selection apparatus according to 
a sixteenth aspect of the invention is characterized in 
that, in the fifteenth aspect of the invention, the image 
information is displayed as a characteristic diagram in 
which one axis indicates a predicted value of the life, 
and another axis indicates one selected from a bearing 
size, a bearing load, a rotation speed, a kind of a 
lubricant, a degree of contamination, a service 
temperature, a material kind, a reliability coefficient, 
and the like. 

In the sixteenth aspect of the invention, since the 
predicted value of the life and other condition which are 
indicated as the ordinate and the abscissa are shown in 
the form of a graph, the limit values can be visually 
recognized in an easier manner. 
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The rolling bearing selection apparatus according to 
a seventeenth aspect of the invention is characterized in 
that, in one of the tenth to sixteenth aspects of the 
invention, the apparatus. 'further comprises delivery 
5 information exhibiting means for exhibiting at least one'- 
of a delivery time and an : estimated amount of the rolling 
bearing based on the data information exhibited by the 
data inf ormation exhibiting means . 
O In the seventeenth aspect of the invention, when the 

5 10 optimum bearing, the optimum operation condition, and the 
O predicted life period ar^e exhibited by the data 

g information exhibiting means, it is possible to exhibit 

^ the delivery time and the. estimated amount of the 

m corresponding bearing. Therefore, the user is not 

q 15 required to again request! the exhibition of the delivery 
time and the estimated amount. 

The storage medium according to an eighteenth aspect 
of the invention is a storage medium storing a life 
prediction program for predicting a life of a rolling 
20 bearing, the rolling bearing having a specification which 
enables a basic dynamic load rating C and a basic static 
load rating C 0 to being calculable, wherein the program 
executes steps of: inputting data information including 
the basic dynamic load rating C and the basic static load 
25 rating C 0 of the rolling bearing; calculating a dynamic 
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equivalent load on the basis of the data information 
which is input in the data information inputting step; 
setting a reliability coefficient; calculating a 
lubrication parameter on the basis of the data 
information; setting a contamination degree; calculating 
a fatigue limit load; determining a load parameter on the 
basis of the basic dynamic load, the dynamic equivalent 
load, the fatigue limit load, and the contamination 
degree; setting a life correction coefficient on the 
basis of the lubrication parameter and the load 
parameter; and calculating the life of the bearing on the 
basis of the reliability coefficient, the life correction 
coefficient, the basic dynamic load rating, the dynamic 
equivalent load, and a load index. 

The storage medium according to a nineteenth aspect 
of the invention is a storage medium storing a life 
prediction program for predicting a life of a rolling 
bearing, the rolling bearing having a specification which 
enables a basic dynamic load rating C and a basic static 
load rating Co to being calculable, wherein the program 
executes steps of: inputting data information including 
the basic dynamic load rating C and the basic static load 
rating Co of the rolling bearing; calculating a dynamic 
equivalent load on the basis of the data information 
which is input in the data information inputting step; 



setting a reliability coefficient; calculating a 
lubrication parameter on the basis of the data 
information; setting a contamination degree; calculating 
a fatigue limit load; determining a load parameter on the 
basis of the basic dynamic load, the dynamic equivalent 
load, the fatigue limit load, and the contamination 
degree; setting a life correction coefficient on the 
basis of the lubrication parameter and the load 
parameter; calculating the life of the bearing on the 
basis of the reliability coefficient, the life correction 
coefficient, the basic dynamic load rating, the dynamic 
equivalent load, and a load index; and judging whether, 
when a calculation result of the bearing life fails to 
coincide with a desired life, a recalculation for making 
the calculation result coincident with the desired life 
is required or not. 

The storage medium according to a twentieth aspect 
of the invention is a storage medium storing a bearing 
selection program for selecting a rolling bearing 
according to a specification required by a user, wherein 
the program executes steps of: inputting a bearing kind 
which is desired by the user; inputting necessary data 
information other than required data information required 
by the user, from necessary data information including 
the basic dynamic load rating C and the basic static load 



rating C 0 of the rolling bearing; comparing the required 
data information with the necessary data information to 
assume data information which is not input; predicting a 
life by using the life prediction program according to 
the eighteenth aspect of the invention on the basis of 
the required data information and assumed data 
information other than the required data informations- 
judging whether a result of the life prediction satisfies 
the required data information or not; when the life 
prediction result satisfies the required data information, 
exhibiting the assumed data information as bearing 
selection information; and, when the life prediction 
result does not satisfy the required data information, 
changing the assumed data information, and causing the 
life prediction program to again perform the calculation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic view showing the configuration 
of a first embodiment of the invention; 

Fig. 2 is a block diagram showing electrical 
connection relationships of Fig, 1; 

Fig. 3 is a flowchart showing an example of a 
procedure of a life predicting process; 

Fig. 4 is a view showing an initial menu screen; 

Fig. 5 is a flowchart showing an example of a 
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procedure of a bearing selecting process; 

Fig. 6 is a view showing a bearing selection screen 

Fig. 7 is a view showing a bearing table screen; 

Fig. 8 is a flowchart showing an example of a 
procedure of a new life calculating process; 

Fig. 9 is a view showing a new-life calculation 
screen; 

Fig. 10 is a view showing a load factor definition 
screen; 

Fig. 11 is a view showing a reliability coefficient 
description screen; 

Fig. 12 is a flowchart showing an example of a 
procedure of a dynamic equivalent load calculating 
process; 

Fig. 13 is a view showing a dynamic equivalent load 
calculation screen; 

Fig. 14 is a flowchart showing an example of a 
procedure of an operating viscosity calculating process; 

Fig. 15 is a view showing a lubrication parameter 
calculation screen; 

Fig. 16 is a view showing a lubrication parameter 
description screen; 

Fig. 17 is a flowchart showing the first half of a 
process of a life calculating process; 

Fig. 18 is a flowchart showing the second half of 
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the process of the life calculating process; 

Fig. 19 is a view showing a contamination degree 
coefficient definition screen; 

Fig. 20 is a view showing a life correction 
5 coefficient description screen including a life 
correction coefficient calculation map; 

Fig. 21 is a view showing a result output screen; 
Fig. 22 is a view showing a description screen; 
5"t Fig. 23 is a view showing a change selection screen; 

,0 10 Fig. 24 is a characteristic diagram showing 

p relationships between a load parameter (P - Pu)/C • (l/a c ) 

in 

H :: and a life correction coefficient a NS K with using a 

^ viscosity ratio k as a parameter in the case where the 

j{ J rolling bearing is a ball bearing; 

Jf 15 Fig. 25 is a characteristic diagram showing 

^ relationships between the load parameter (P - Pu) /C • 

(l/a c ) and the life correction coefficient a NS K with using 
the viscosity ratio k as a parameter in the case where 
the rolling bearing is a roller bearing; 
20 Fig. 26 is a characteristic diagram showing 

relationships between the viscosity ratio k and a 
lubrication parameter a L ; 

Fig. 27 shows an example of a parametric display; 
Fig. 28 is a schematic view showing the 
2 5 configuration of a second embodiment of the invention; 
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Fig. 29 is a flowchart showing an example of a 
procedure of a bearing selecting process which is 
implemented in a WWW server; 

Fig. 30 is a flowchart showing an example of a 
procedure of an optimum operation condition determining 
process of Fig. 29; 

Fig. 31 is a flowchart showing an example of a 
procedure of an optimum bearing determining process of 
Fig. 29; 

Fig. 32 is a view showing a bearing kind input 
screen; 

Fig. 33 is a view showing a data information input 
screen; and 

Fig. 34 is a view showing a graph in which 
relationships between a life period, and the 
contamination degree coefficient and the bearing load ar 
displayed in a parametric manner. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Hereinafter, an example of an embodiment of the 

invention will be described with reference to the 

accompanying drawings . 

Fig. 1 is a schematic view showing the configuratio 

of a first embodiment of the invention. In the figure, 

denotes a personal computer. The personal computer 1 
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includes a computer main unit 2, a display device 3 which 
is connected to the main unit 2 and configured by a 
liquid crystal display device or a CRT, a keyboard 4, a 
mouse 5, and a printer 6 which is connected to the 
5 computer main unit 2. 

As shown in Fig, 2, the internal circuit of the 
computer main unit 2 includes: a central processing unit 
11; a storage device 13 configured by as a ROM, a RAM, 
^ and the like which are connected to the central 

J3 10 processing unit 11 through a system bus 12; a display 
O controller 14 through which the display device 3 is 

H= connected to the system bus 12; a keyboard interface 15 

^ through which the keyboard 4 is connected to the system 

bus 12; a mouse interface 16 through which the mouse 5 is 
2 15 connected to the system bus 12; an input /output interface 
17 through which the printer 6 is connected to the system 
bus 12; and a hard disk 19 which is connected to the 
system bus 12 through a hard disk controller 18, 

The hard disk 19 stores an operating system, life 
20 prediction application software for predicting the life 
of a rolling bearing, and an electronic catalog which 
stores data information of rolling bearings. 

As shown in Fig. 7, the electronic catalog stores 
data information including the bearing kind, the 
25 designation number, principal dimensions, the basic 
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dynamic load rating C, the basic static load rating C 0/ a 
factor f 0 , the allowable rotation number, the radial load 
factor X, and the thrust load factor Y. 

The life prediction application software performs 
predetermined calculations on the basis of input data 
information with using spreadsheet application software, 
to conduct a process of predicting the life of a rolling 
bearing. 

In the life predicting process, as shown in Fig. 3, 
an initial menu screen is first displayed in step SI* 

In the initial menu screen, as shown in Fig. 4, 
functions stored in the application software are 
displayed in a selectable manner. Namely, an area Al for 
choosing and selecting a bearing, an area A2 for 
"Jf 15 selecting a new life calculation expression, an area A3 
for calculating and selecting a lubrication parameter k, 
an area A4 for calculating and selecting an equivalent 
load, an area A5 for selecting a bearing life calculation 
expression (conventional expression) , an area A6 for 
20 selecting a recommended material, an area A7 for 
selecting a recommended lubricant, an area A8 for 
introducing and selecting goods, and an end button 21 are 
displayed. 

Next, the control proceeds to step S2 to judge 
25 whether the bearing choosing and selecting area Al is 
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selected by the mouse 5 or the keyboard 4 or not. If the 
area is selected, the control proceeds to step S2a in 
which a bearing selecting process that will be described 
later is implemented, and the process is then ended. If 
the bearing choosing and selecting area Al is not 
selected, the control proceeds to step S3. 

In step S3, it is judged whether the new-life 
calculation expression selecting area A2 is selected or 
not. If the area is selected, the control proceeds to 
step S3a in which a new life calculating process that 
will be described later is implemented, and the process 
is then ended. If the new-life calculation expression 
selecting area A2 is not selected, the control proceeds 
to step S4. 

In step S4, it is judged whether the lubrication 
parameter calculation selecting area A3 is selected by 
the mouse 5 or the keyboard 4 or not. If the area is 
selected, the control proceeds to step S4a in which a 
lubrication parameter calculating process that will be 
described later is implemented, and the process is then 
ended. If the lubrication parameter calculation 
selecting area A3 is not selected, the control proceeds 
to step S5. 

In step S5, it is judged whether the equivalent load 
calculation selecting area A4 is selected by the mouse 5 



or the keyboard 4 or not. If the area is selected, the 
control proceeds to step S5a in which an equivalent load 
calculating process that will be described later is 
implemented, and the process is then ended. If the 
equivalent load calculation selecting area A4 is not 
selected, the control proceeds to step S6. 

In step S6, it is judged whether the bearing life 
calculation expression (conventional expression) 
selecting area A5 is selected by the mouse 5 or the 
keyboard 4 or not. If the area is selected, the control 
proceeds to step S6a in which the bearing life L i0 of the 
conventional expression is calculated in accordance with 
the above-mentioned expression (1), and the process is 
then ended. If the bearing life calculation expression 
(conventional expression) selecting area A5 is not 
selected, the control proceeds to step S7. 

In step S7, it is judged whether the recommended 
material selecting area A6 is selected by the mouse 5 or 
the keyboard 4 or not. If the area is selected, the 
control proceeds to step S7a in which a recommended 
material selecting list that is previously stored in the 
hard disk 19 is displayed on the display device 3, and a 
recommended material selecting process of selecting a 
recommended material of the bearing from the selecting 
list is implemented, and the process is then ended. If 



the recommended material selecting area A6 is not 
selected, the control proceeds to step S8. 

In step S8, it is judged whether the recommended 
lubricant selecting area A7 is selected by the mouse 5 or 
5 the keyboard 4 or not. If the area is selected, the 
control proceeds to step S8a in which a recommended 
lubricant selecting list that is previously stored in the 
hard disk 19 is displayed on the display device 3, and a 
lubricant selecting process of selecting a lubricant to 
|| 10 be used in the bearing from the selecting list is 

implemented, and the process is then ended. If the 
recommended lubricant selecting area A7 is not selected, 
? the control proceeds to step S9. 

JJ- In step S9, it is judged whether the goods 

J; 15 introducing and selecting area A8 is selected by the 

^ mouse 5 or the keyboard 4 or not. If the area is 

selected, the control proceeds to step S9a in which a 
goods introducing process of displaying goods introducing 
information that is previously stored in the hard disk 19, 
2 0 on the display device 3a, and the process is then ended. 
If the goods introducing and selecting area A8 is not 
selected, the control proceeds to step S10. 

In step S10, it is judged whether the end button 21 
is selected by the mouse 5 or the keyboard 4 or not. If 
25 the end button 21 is selected, the life predicting 



35 



process is ended without conducting any further operation. 

If the end button 21 is not selected, the control 
returns to step S2. 

In the bearing selecting process of step S2a, as 
5 shown in Fig. 5, a bearing selection screen shown in Fig. 
6 is first displayed in step Sll on the display device 3. 

In the selection screen, as shown in Fig. 6, 
displayed are a search area 22 for performing a search 
m based on a bearing table, a search area 23 for performing 

J§ 10 a search based on the designation number, a menu button 
Q 24 for displaying input data information of a rolling 

M« bearing, and an end button 25. In the search area 22, 

s displayed are text input areas 22a to 22c in which the 

SS minimum and maximum values of the inner diameter d, the 

'*© 15 outer diameter D, and the width (height) B (T) are to be 
^ input, and buttons for selecting the bearing kind, or a 

deep groove ball bearing selection button 22d, an angular 
ball bearing selection button 22e, a self-aligning ball 
bearing selection button 22f, a single-direction thrust 
20 ball bearing selection button 22g, a cylindrical roller 
bearing selection button 22h, a tapered roller bearing 
selection button 22i, a self -aligning roller bearing 
selection button 22 j, and a thrust roller bearing 
selection button 22k. In the search area 23, a text 
2 5 input box 23a for inputting a designation number, and a 
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reference button 23b for displaying a designation number 
list are displayed. 

Then, the control proceeds to step S12 to judge 
whether, in the case of the search based on the bearing 
table, the input of the inner diameter d, the outer 
diameter D, and the width (height) B (T) is ended and the 
selection of the bearing type is completed or not, or, in 
the case of the search based on the designation number, 
the input of the designation number is ended or not. If 
either of the inputs is not ended, the control waits 
until the input is ended. If the input is ended, the 
control proceeds to step S13 to judge whether the search 
based on the bearing table is to be performed or not. If 
the search based on the bearing table is to be performed, 
the control proceeds to step S14 in which the electronic 
catalog is retrieved on the basis of the inner diameter d 
the outer diameter D, and the width (height) B (T) and 
the bearing type, and a bearing table screen shown in Fig 
7 is displayed to indicate corresponding data information 

The control then proceeds to step S16. If the search 
based on the designation number is selected, the control 
proceeds to step S15 in which the electronic catalog is 
retrieved on the basis of the designation number that is 
input into the text input box 23a, and the bearing table 
screen shown in Fig. 7 is displayed to indicate 



corresponding data information. The control then 
proceeds to step S16. 

In the bearing table screen, as shown in Fig. 7, a 
data information display area 31 for displaying 
5 corresponding data information in the electronic catalog, 
a conventional-life calculation button 32, a new-life 
calculation (according to the invention) button 33, a 
dynamic equivalent load calculation button 34, a return 
button 35, a menu button 3 6, and an end button 37 are 
yfi io displayed. 

□ In step S16, it is judged whether, after the desired 

designation number is selected, the conventional-life 
s calculation button 32 is selected or not. If the 

ffi conventional-life calculation button 32 is selected, the 

^ 15 control proceeds to step SI 6a in which a conventional 
^ life calculating process of performing the calculation of 

expression (1) above is conducted to calculate the basic 
rating life Li 0 , and the process is then ended. If the 
conventional-life calculation button 32 is not selected, 
20 the control proceeds to step S17. 

In step S17, it is judged whether, after the desired 
designation number is selected, the new-life calculation 
button 33 is selected or not. If the new-life 
calculation button 33 is selected, the control proceeds 
25 to step S17a in which a new life calculating process that 
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will be described later is conducted, and the process is 
then ended. If the new-life calculation button 33 is not 
selected, the control proceeds to step S18. 

In step S18, it is judged whether, after the desired 
designation number is selected, the dynamic equivalent 
load calculation button 34 is selected or not. If the 
dynamic equivalent load calculation button 34 is selected, 
the control proceeds to step S18a in which a dynamic 
equivalent load calculating process that will be 
described later is conducted, and the process is then 
ended. If the dynamic equivalent load calculation button 
34 is not selected, the control proceeds to step S19. 

In step S19, it is judged whether the menu button 36 
is selected or not. If the menu button 36 is selected, 
the control proceeds to step S19a in which the initial 
menu displaying process of Fig. 3 is activated, and the 
process is then ended. If the menu button 36 is not 
selected, the control proceeds to step S20. 

In step S20, it is judged whether the end button 37 
is selected or not. If the end button is selected, the 
life calculating process is ended without conducting any 
further operation. If the end button 37 is not selected, 
the control proceeds to step S21 to judge whether the 
return button 35 is selected or not. If the return 
button is selected, the control returns to step Sll, and, 
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if the return button 35 is not selected, the control 
returns to step S16. 

In the new life calculating process of steps S3a and 
S17a, as shown in Fig. 8, a new-life calculation screen 
shown in Fig. 9 is first displayed in step S31 . 

In the new-life calculation screen, disposed are a 
display area 41 in which predetermined items are 
displayed, and buttons which are arranged below the 
display area 41, or a calculation button 42, a read 
button 43, a save button 44, an initialization button 45, 
a return button 46, and a menu button 47. 

The display area 41 comprises: a combo box 51 in 
which the life calculation expression of expression (7) 
above is displayed in a title portion and the bearing 
type is to be selected; a text box 52 for inputting the 
designation number; a text box 53 for inputting the 
dynamic load rating C of the bearing; a text box 54 for 
inputting the static load rating C 0 of the bearing; a 
text box 55 for inputting the inner diameter d of the 
bearing; a text box 56 for inputting the outer diameter D 
of the bearing; a text box 57 for displaying the bearing 
dynamic equivalent load P; a text box 58 for inputting a 
load factor f w ; a combo box 59 for selecting the 
reliability coefficient ai; a dynamic equivalent load 
calculation button 60 for instructing a calculation of 
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the dynamic equivalent load; a text box 61 for inputting 
the rotation number; a combo box 62 for selecting the 
lubricant; a text box 63 for displaying the operating 
viscosity v; an operating viscosity calculation button 64 
for instructing a calculation of the operating viscosity; 
a combo box 65 for selecting the contamination degree 
coefficient a c ; a text box 66 for displaying the 
contamination degree coefficient a c ; a combo box 67 for 
selecting the specification of the bearing material; and 
a select button 68 for selecting necessity/unnecessity of 
a special input of the fatigue limit load Pu. As default 
values, "1.0" is displayed in the text box 58 for the 
load factor f w/ "90" is displayed in the combo box 59 for 
the reliability coefficient "Ordinary (a c = 0.5)" is 

displayed in the combo box 65 for the contamination 
degree coefficient a G , "0.5" is displayed in the text box 
66 for the contamination degree coefficient a c/ and 
"High-carbon chrome bearing steel (SUJ2Z, SUJ3Z) " is 
displayed in the combo box 67 for the specification of 
the bearing material. 

Then, the control proceeds to step S32 to judge 
whether the read button 43 is selected or not. If the 
button is not selected, the control proceeds directly to 
step S38. If the read button 43 is selected, the control 
proceeds to step S33 in which the data information of the 
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rolling bearing of the designation number that is 
selected in the bearing table of Fig. 7 is sequentially 
displayed in the sequence of the combo box 51 and the 
text box 52. When the bearing outer diameter D is 
5 displayed in the text box 56, the control proceeds to 
step S34 to display a load factor definition screen 
having a display area 261 in which a definition statement 
of a load factor shown in Fig. 10 is displayed, and a 
0 close button 2 62. Thereafter, the control proceeds to 

J 5 10 step S35 to judge whether the close button 262 is 
h selected or not. If the button is not selected, the 

lU control waits until the button is selected. If the 

* button is selected, the control proceeds to step S36. 

CO In step S36, a reliability coefficient description 

CI 15 screen having a display area 263 in which a statement 
§<* relating to the reliability coefficient shown in Fig. 11 

is displayed, and a close button 264 is displayed, and 
the control then proceeds to step S37 to judge whether 
the close button 264 is selected or not. If the button 
20 is not selected, the control waits until the button is 
selected. If the close button 264 is selected, the 
control proceeds to step S38. 

In step S38, it is judged whether the dynamic 
equivalent load calculation button 60 is selected or not. 
25 If the button 60 is selected, the control proceeds to 
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step S39 in which a dynamic equivalent load calculating 
process that will be described later is conducted, and 
the control then proceeds to step S42. If the dynamic 
equivalent load calculation button 60 is not selected, 
the control proceeds to step S40 to judge whether the 
operating viscosity calculation button 64 is selected or 
not. If the operating viscosity calculation button 64 is 
selected, the control proceeds to step S41 in which an 
operating viscosity calculating process that will be 
described later is conducted, and the control then 
proceeds to step S42. 

In step S42, it is judged whether the calculation 
button 42 is selected or not. If the calculation button 
42 is selected, the control then proceeds to step S43 to 
judge whether the calculations of the dynamic equivalent 
load P and the necessary operating viscosity v are ended 
or not. If the calculations are not ended, the control 
proceeds to step S44 to display message information for 
prompting the calculations of the dynamic equivalent load 
P and the necessary operating viscosity v to be first 
completed, and the control then returns to step S38. If 
the calculations of the dynamic equivalent load P and the 
necessary operating viscosity v are ended, the control 
proceeds to step S45 in which the life calculating 
process wherein the calculation of expression (7) above 



is conducted to calculate the bearing life L A is 
performed, and the process is then ended. If a result of 
the judgement in step S42 shows that the calculation 
button 42 is not selected, the control proceeds to step 
S46 to judge whether the save button 44 is selected or 
not. If the save button 44 is selected, the control 
proceeds to step S47 in which the data that are displayed 
at this time in the boxes 51 to 59, 61 to 63, and 65 to 
67 are saved, and the control then returns to step S42. 
If the save button 44 is not selected, the control 
proceeds to step S48. 

In step S48, it is judged whether the initialization 
button 45 is selected or not. If the initialization 
button 45 is selected, the control proceeds to step S49 
to erase the displayed data, and the control then returns 
to step S32. If the initialization button 45 is not 
selected, the control proceeds to step S50 to judge 
whether the return button 46 is selected or not. If the 
return button 4 6 is selected, the control returns to step 
S13 in the bearing selecting process of Fig. 5. If the 
return button 4 6 is not selected, the control proceeds to 
step S51 to judge whether the menu button 47 is selected 
or not. If the menu button 47 is selected, the control 
proceeds to step S52 in which the initial menu displaying 
process of Fig. 3 is activated, and the process is then 



ended. If the menu button 47 is not selected, the 
control proceeds to step S38. 

In the dynamic equivalent load calculating process 
of steps S5a and S18a, as shown in Fig. 12, a dynamic 
equivalent load calculation screen shown in Fig. 13 is 
first displayed in step S51 . 

The dynamic equivalent load calculation screen 
comprises a display area 71 in which predetermined items 
are displayed, and buttons which are arranged below the 
display area 71, or a calculation button 72, a result 
introduction button 73, a return button 74, and a menu 
button 75. 

The display area 71 includes: a combo box 76 for 
selectively displaying the bearing type; a text box 77 
for displaying the designation number; a text box 78 for 
inputting a radial load Fr of service condition; a text 
box 79 for inputting an axial load Fa; a text box 80 for 
inputting the rotation number; a text box 81 for 
inputting a service condition ratio; an additional input 
button 82; a text box 83 for displaying the dynamic 
equivalent load P; and a text box 84 for displaying the 
average rotation number N. 

Then, the control proceeds to step S62 to judge 
whether the calculation button 72 is selected or not. If 
the calculation button 72 is selected, the control 
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proceeds to step S63 in which the dynamic equivalent load 
P is calculated by performing a calculation of expression 
(9) below on the basis of the radial load Fr and the 
axial load Fa that are input into the text boxes 78 and 
5 79, a radial factor X and an axial factor Y that are set 
in data information and the load factor f w that is set 
in the new-life calculation screen of Fig. 9. The 
calculated dynamic equivalent load P is displayed in the 
p text box 83, and the control then proceeds to step S64. 

| 10 P = f w (X • Fr + Y ♦ Fa) (9) 

P In step S64, it is judged whether the result 

M= introduction button 73 is selected or not. If the result 

* introduction button 73 is selected, the control proceeds 

^ to step S65 in which the calculated dynamic equivalent 

~f 15 load P is introduced into the dynamic equivalent load 
^ text box 57 of the new-life calculation screen of Fig. 9. 

The control then proceeds to step S66 in which the 
dynamic equivalent load calculation screen of Fig. 13 is 
closed and the new-life calculation screen of Fig. 9 is 
20 made active. Thereafter, the process is ended. 

If the calculation button 72 is not selected in step 
S62, or if the result introduction button 73 is not 
selected in step S64, the control proceeds to step S67 to 
judge whether the return button 74 is selected or not. 
25 If the return button 74 is selected, the control proceeds 
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to step S66 in which the new-life calculation screen of 
Fig. 9 is again displayed. Thereafter, the process is 
ended. If the return button 74 is not selected, the 
control proceeds to step S68 to judge whether the menu 
5 button 75 is selected or not. If the menu button 75 is 
selected, the control proceeds to step S69 in which the 
initial menu displaying process of Fig. 3 is activated, 
and the process is then ended. If the menu button 75 is 
D not selected, the control returns to step S62. 

® io In the operating viscosity calculating process of 

« step S41, as shown in Fig. 14, a lubrication parameter 

!^ calculation screen shown in Fig. 15 is first displayed in 

J**, step S71. 

ffl In the lubrication parameter calculation screen, 

fj is displayed are a display area 281 in which predetermined 

SB*?;: 

items are displayed, and buttons which are arranged below 
the display area 281, or an operating viscosity 
calculation button 282, a required viscosity calculation 
button 283, a calculation result introduction button 284, 

20 a cancel button 285, and a menu button 286. 

The display area 281 includes an operating viscosity 
setting area 92 and a required viscosity setting area 99. 

The operating viscosity setting area 92 having a combo 
box 87 for selectively displaying the lubricant, a text 

25 box 88 for displaying the viscosity of the lubricating 
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oil at 40°C, a text box 89 for displaying the viscosity 
of the lubricating oil at 100°C, a text box 90 for 
inputting the operating temperature/ and a text box 91 
for inputting the operating viscosity v. The required 
5 viscosity setting area 99 having a text box 93 for 

displaying the diameter dm of the pitch circle, a text 
box 94 for inputting the bearing rotation number N, a 
text box 95 for displaying a required viscosity Vi, a 

13 text box 96 for inputting a bearing performance 

10 coefficient A, a text box 97 for displaying a required 

O viscosity Vi T , and a text box 98 for displaying the 

;!! lubrication parameter k. 

^ Next, the control proceeds to step S72 to judge 

whether the operating viscosity calculation button 82 is 

% 15 selected or not. If the operating viscosity calculation 
button 82 is selected, the control proceeds to step S73 
in which the operating viscosity v is calculated from the 
input operating temperature, the viscosity of the 
lubricating oil at 40°C, and the viscosity of the 
20 lubricating oil at 100°C, and the calculated operating 

viscosity v is displayed in the text box 91. Thereafter, 
the control proceeds to step S74. If the operating 
viscosity calculation button 82 is not selected, the 
control proceeds directly to step S74. 
25 In step S74, it is judged whether the required 



48 



viscosity calculation button 83 is selected or not. If 
the required viscosity calculation button 83 is selected, 
the control proceeds to step S75 to display a lubrication 
parameter description screen shown in Fig. 16. 
5 In the lubrication parameter description screen, a 

calculation in which the viscosity ratio k (= v/vi T ) is 
calculated as the lubrication parameter, and that in 
which a corrected required viscosity vi T is calculated by 
O multiplying the required viscosity vi at the operating 

f 10 temperature by the bearing performance coefficient A are 
[3 described in a display area 110. A close button 111 is 

p; displayed below the display area 110. Usually, the 

U bearing performance coefficient A is set to A = 1 . 0 In 

m the case where the bearing performance (the roundness, 

p 15 the roughness, and the like) is excellent, the 
coefficient is set to A < 1.0. 

Then, the control proceeds to step S76 to judge 
whether the close button 111 is selected or not. If the 
close button 111 is not selected, the control waits until 
20 the button is selected. If the close button 111 is 
selected, the control proceeds to step S77. 

In step S77, it is judged whether the diameter dm of 
the pitch circle, the bearing rotation number N, the 
bearing performance coefficient A, and the operating 
25 viscosity v which are necessary for calculating the 
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required viscosity v x are input or not. If these data 
are not input, the control proceeds to step S7 8 to 
display message information for prompting the diameter dm 
of the pitch circle, the bearing rotation number, the 
bearing performance coefficient A, and/or the operating 
viscosity v which are not input, to be input, and the 
control then returns to step S77. If the diameter dm of 
the pitch circle, the bearing rotation number N, the 
bearing performance coefficient A, and the operating 

viscosity v are input, the control proceeds directly to 
step S79. 

In step S79, it is judged whether the bearing 
rotation number N is equal to or smaller than 1,000 min -1 
or not. If N < 1,000 min" 1 , the control proceeds to step 
S80 to calculate a coefficient K in accordance with 
expression (10) below, and then proceeds to step S82. 

K = (1, 000/N) 173 (10) 

If a result of the judgment of step S79 shows that N 
> 1,000 min" 1 , the control proceeds to step S81 to set the 
coefficient K to "1", and then proceeds to step S82. 

In step S82, a calculation of expression (11) below 
is performed to calculate the required viscosity Vi, and 
the calculated required viscosity Vi is displayed in the 
text box 95. 

Vi = K • 4, 500/V(N • dm) (11) 
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Thereafter, the control proceeds to step S83 in 

which the corrected required viscosity Vi T is calculated 
in accordance with expression (12) below and the 

calculated corrected required viscosity Vi 1 is displayed 
in the text box 97, and then proceeds to step S84. 

Vi T = A • vi (12) 
Thereafter, the control proceeds to step S84 in 

which the lubrication parameter k indicated by a 
viscosity ratio is calculated in accordance with 
expression (13) below and the calculated lubrication 

parameter k is displayed in the text box 98, and the 
process is then ended. 

k = v/Vi' (13) 
If a result of the judgment of step S74 shows that 
the required viscosity calculation button 83 is not 
selected, the control proceeds to step S85 to judge 
whether the calculation result introduction button 84 is 
selected or not. If the calculation result introduction 
button 84 is selected, the control proceeds to step S86 
to judge whether the calculation of the lubrication 
parameter k is ended or not. If the calculation of the 
lubrication parameter k is not ended, the control 
proceeds to step S87 to display message information for 

prompting the calculation of the lubrication parameter k 
to be performed, and then returns to step S85. If the 



calculation of the lubrication parameter k is ended, the 
control proceeds to step S88 to introduce the lubrication 
parameter k into the new-life calculation screen, and the 
process is then ended. 

If a result of the judgment of step S85 shows that 
the calculation result introduction button 84 is not 
selected, the control proceeds to step S89 to judge 
whether a cancel button 89 is selected or not. If the 
cancel button 89 is selected, the control proceeds to 
step S90 in which the data of selected one(s) of the text 
boxes 88 to 98 are deleted, and then proceeds to step S91 

If the cancel button 89 is not selected, the control 
proceeds directly to step S91. 

In step S91, it is judged whether a menu button 90 
is selected or not. If the menu button 90 is selected, 
the control proceeds to step S92 in which the initial 
menu displaying process of Fig. 3 is activated, and the 
process is then ended. 

In the bearing life calculating process of step S45 
in the new life calculating process of Fig. 7, as shown 
in Figs. 17 and 18, the new-life calculation screen shown 
in Fig. 9 is first displayed in step S101, and the 
control then proceeds to step S92 to display a 
contamination degree coefficient definition screen shown 
in Fig. 19. In the contamination degree coefficient 



52 



definition screen, a display area 121, and a close button 
122 which is disposed below the display area 121 are 
displayed. In the display area, displayed is a table for 
determining the contamination degree coefficient a c in 
consideration of the material coefficient according to 
the service environment shown in Table 2 below. 



Table 2 
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Then, the control proceeds^ to step S103 to judge 
whether the close button 122 is selected or not. If the 
close button 122 is not selected, the control waits until 
the button is selected. If the close button 122 is 
selected, the control proceeds to step S104 to read the 
diameter Da of the rolling element, the bearing column 
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number i, the load Q of the rolling element, the bearing 
contact angle a, the principal curvatures p n and p i2 of 
an article 1, the roller contact length L We/ and the 
principal curvatures p 2i and p 22 of an article 2. 
5 Thereafter, the control proceeds to step S105 to judge 
whether the type of the bearing is a ball bearing or a 
roller bearing. If the bearing is a roller bearing, the 
control proceeds to step S106 in which the principal 
O curvatures p n and p 12 of the article 1 are set to p n = p 21 

43 10 =0, and then proceeds to step S107. If the bearing is a 
ball bearing, the control proceeds directly to step S107. 
p In step S107, a sum Sp of the principal curvatures 

Q is calculated by following expression (14), and cost is 

PI calculated by following expression (15) ; 

Q 15 2 P = Pll + Pl2 + P21 + P22 (14) 

cost = (I Pn - pi 2 + p 21 - p 22 |)/2p (15) 
Then, the control proceeds to step S108 in which the 
coefficient of friction ji and the viscosity v are 
calculated on the basis of the calculated cost and with 

20 reference to a storage table that is previously stored. 
Thereafter, the control proceeds to step S109 to judge 
whether the type of the bearing is a ball bearing or a 
roller bearing. If the bearing is a ball bearing, the 
control proceeds to step S110 in which a calculation of 

25 expression (16) below is performed to calculate the 
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fatigue limit load Pu, and then proceeds to step S112. 

Pu = (z/5) {u • v • P max /A • (Sp) 2/3 } (16) 
where P max =1.5 GPa and A = 858 N. 

If a result of the judgment of step S109 shows that 
the bearing is a roller bearing, the control proceeds to 
step Sill in which a calculation of expression (17) below 
is performed to calculate the fatigue limit load Pu, and 
then proceeds to step S112. 

Pu = (i • Z cosa/4.6) (P max /A!) (L We /Zp) 1/2 (17) 
where P max =1.5 GPa and Ai = 191 N. 

In step S112, the value of (P - Pu) /C is calculated. 
Then, the control proceeds to step S113 to judge whether 
(P - Pu)/C is 0.05 < (P - Pu)/C < 10 or not. If (P - 
Pu)/C < 0.05, the control proceeds to step S114 to set (P 
- Pu)/C = 0.05, and then proceeds to step S116. If (p - 
Pu)/C is 0.05 < (P - p u )/C < 10, the control proceeds 
directly to step S116. If (P - Pu) /C > 10, the control 
proceeds to step S115 to set (P - Pu) /C = 10, and then 
proceeds to step S116. 

In step S116, (P - Pu) /C is multiplied by l/a c to 
calculate the load parameter { (P - Pu) /C} • l/a c . 
Thereafter, the control proceeds to step S117 of Fig. 18 
to judge whether the calculated load parameter { (P - 
Pu)/C} • l/a c is 0.05 < { (P - Pu)/C} • l/a c < 10 or not. 
If { (P - Pu)/C} • l/a c < 0.05, the control proceeds to 



step S118 to set the load parameter { (P - Pu) /C} • l/a c = 
0.05, and then proceeds to step S120. If 0.05 < ( (P - 
Pu)/C} • l/a c < 10, the control proceeds directly to step 
S120. If { (P - Pu)/C} • l/a c > 10, the control proceeds 
to step S119 to set the load parameter { (P - Pu)/C} • 1/a 
= 10, and then proceeds to step S120. 

In step S120, the lubrication parameter k is 0.1 < k 
< 4 or not. If k < 0.1, the control proceeds to step 
S121 to set k = 0.1, and then proceeds to step S123. If 
k > 4, the control proceeds to step S122 to set k = 4, 
and then proceeds to step S123. If 0.1 < k < 4, the 
control proceeds directly to step S123. 

In the case where the contamination degree 
coefficient a c = 0.05 is set, the life correction 
coefficient a NS K is set to 0.1 irrespective of the load 
parameter { (P - Pu)/C} • l/a c . 

In step S123, the life correction coefficient a NS K is 
calculated on the basis of the lubrication parameter k 
and the load parameter { (P - Pu)/C} • l/a c and with 
reference to a life correction coefficient calculation 
map shown in Fig. 20. 

In the life correction coefficient calculation map 
of Fig. 20, the abscissa indicates the load parameter { (P 
- Pu)/C} • l/a c/ the ordinate indicates the life 
correction coefficient a N sK, and a plurality of 



characteristic curves in which the lubrication parameter 
k is used as a parameter are shown. When the lubrication 
parameter K is 0,1, the life correction coefficient a N3 K 
is set to "0.1" irrespective of the value of the load 
5 parameter { (P - Pu)/C} • l/a c . When the value of the 
lubrication parameter k becomes larger from this state, 
the characteristic curves are curved in such a manner 

that, as the value of the load parameter { (P - Pu)/C} • 
l/a c is smaller, the rate of change of the life 
£ io correction coefficient a NS K is gradually increased. The 
curvatures of the characteristic curves are set so as to 
be smaller as the lubrication parameter k becomes larger. 
n Thereafter, the control proceeds to step S124 to 

5 judge whether the calculated life correction coefficient 

l 15 a N sK is equal to or smaller than 50 or not. If awsK > 50, 
the control proceeds to step S125 to set a N sK = 50, and 

then proceeds to step S126. If a N sK ^ 50, the control 
proceeds directly to step S126. 

In step S126, the above-mentioned calculation of 

20 expression (7) is conducted to calculate the rolling 
bearing life L A , and the control then proceeds to step 
S127 to judge whether the calculated rolling bearing life 
L A is equal to or shorter than 200,000 hours or not. If 
L A > 200,000 Hr, the control proceeds to step S128 to set 

25 La = 200,000 Hr or longer, and then proceeds to step S129. 
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If L A < 200,000 Hr, the control proceeds directly to 
step S129. 

In step S129, the determined bearing life L A is 
displayed in a result output screen shown in Fig, 21. 
5 The result output screen comprises a display area 

131 in which predetermined items are displayed, and 
buttons which are arranged below the display area 131, or 
a print button 132, a return button 133, and a menu 
q button 134. The display area 131 comprises: a text box 

■|| io 135 for displaying the bearing type; a text box 136 for 
C3 displaying the designation number; a text box 137 for 

displaying the bearing dynamic load rating; a text box 
138 for displaying the bearing static load rating; a text 
box 139 for displaying the bearing dynamic equivalent 
% 15 load; a text box 140 for displaying the rotation number; 
a text box 141 for displaying the viscosity ratio k; a 
text box 142 for displaying the contamination degree 
coefficient a c ; a text box 143 for displaying the 
reliability coefficient ai; a text box 144 for displaying 
20 the life correction coefficient a N s K ; a text box 145 for 
displaying the conventional life L i0 ; and a text box 146 
for displaying the rolling bearing life L A . 

Thereafter, the control proceeds to step S130 to 
judge whether the set rolling bearing life L A is equal to 
25 or shorter than the desired life L a which is set by the 
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user or not. If L A > Lu, it is judged that the life 
satisfies the desired life Lu which is requested by the 
user, and the control then proceeds to step S131 to 
display the description screen which is shown in Fig. 22, 
5 and in which advantages due to the consideration of the 
fatigue limit load are described. 

In the description screen, displayed are a display 
area 351 in which the advantages due to the consideration 
O of th e fatigue limit load are displayed, and a close 
Ciio button 352 which is disposed below the area. 
Gj In the display area 351, "in the rolling bearing 

% calculation expression which has been described in the 

conventional art paragraph, the concept of a fatigue 
fy limit is not considered. In endurance tests conducted by 
q 15 the assignee of the present invention, some bearings 
under a clean and low-load service environment have a 
life which is longer by 50 or more times than that 
calculated by the conventional life calculation 
expression, and continue to operate for 20 or more years 
20 without causing flaking. Under a service environment in 
which the temperature rise is suppressed, the cleanness 
is relatively high, and the load is low, moreover, some 
bearings for a machine tool have actually attained a life 
which is longer by 80 or more times than that calculated 
25 by the life conventional calculation expression. The 
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above phenomena suggest that, as shown in the figure 
below, the fatigue limit load Pu affects the rolling 
fatigue life. The fatigue limit load Pu is defined as an 
equivalent load at the maximum contact surface pressure 
5 Pmax = 1.5 GPa which is generated when a rolling element 
and the bearing ring are contacted with each other under 
a clean and ideal state.", and a characteristic curve 
diagram in which the abscissa indicates the endurance 
q time, and the ordinate indicates the bearing load are 
tpio displayed. As shown in the characteristic curve diagram, 
O in the conventional theory, the bearing load is linearly 
decreased as the endurance time is increased, as 
indicated by the characteristic curve L x . By contrast, 
in the new life theory according to the present invention, 
Si 5 the rate of change of the bearing load is gradually 

decreased as the endurance time is increased, so that the 
bearing load is indicated as an asymptotic line 
approaching to the fatigue limit load Pu as indicated by 
the characteristic curve L 2 . 
20 If a result of the judgement in step S130 shows that 

L A < Lu, the control proceeds to step S132 to display a 
change selection screen shown in Fig. 23. 

In the change selection screen, disposed are a 
selection button 151 for selecting an increased size of 
2 5 the rolling bearing by changing the designation number, a 
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selection button 152 for selecting the contamination 
degree coefficient a c to be changed to a larger value, a 
selection button 153 for selecting the viscosity ratio k 
of the lubricant to be increased, and a return button 154 

Thereafter, the control proceeds to step S133 to 
judge whether the selection button 151 is selected or not 

If the selection button 151 is selected, the control 
returns to step Sll in the above-mentioned bearing 
selecting process of Fig. 5, and, if the selection button 
151 is not selected, the control proceeds to step S134 to 
judge whether the selection button 152 is selected or not 

If the selection button 152 is selected, the control 
returns to step S101 in the above-mentioned new life 
calculating process of Fig. 17, and, if the selection 
button 152 is not selected, the control proceeds to step 
S135 to judge whether the selection button 153 is 
selected or not. If the selection button 153 is selected, 
the control returns to step S71 in the above-mentioned 
lubrication parameter calculating process of Fig. 14, and, 
if the selection button 153 is not selected, it is judged 
whether the return button 154 is selected or not. If the 
return button 154 is selected, the control returns to 
step S129, and, if the return button 154 is not selected, 
the control returns to step S133. 

In the above processes, the process of Fig. 5 
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corresponds to the data information inputting means. The 
process of steps S36 and S37 in Fig. 8 and the 
reliability description screen of Fig. 11 correspond to 
the reliability setting means. The process of Fig. 12 
corresponds to the dynamic equivalent load calculating 
means. The process of Fig. 14 corresponds to the 
lubrication parameter calculating means. The process of 
steps S102 and S103 in Fig. 17 and the contamination 
degree coefficient definition screen of Fig. 19 
correspond to the contamination degree setting means. 
The process of steps S104 to Sill in Fig. 17 corresponds 
to the fatigue limit load calculating means. The process 
of steps S112 to S119 in Figs. 17 and 18 corresponds to 
the load parameter calculating means. The process of 
steps S123 to S125 in Fig. 18 and the life correction 
coefficient calculation map of Fig. 20 correspond to the 
life correction coefficient setting means. The process 
of steps S126 to S129 in Fig. 18 corresponds to the 
bearing life calculating means. The process of steps 
S130, and S132 to S135 corresponds to the recalculation 
judging means. 

It is assumed that the life of a deep groove ball 
bearing of a designation number of "6206" is to be 
predicted. First, the computer main unit 2 is powered on 
to activate the operating system and then the life 
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prediction application software. 

As a result, the rolling bearing life predicting 
process shown in Fig. 3 is started, and the initial menu 
screen shown in Fig, 4 is first displayed. In the 
5 initial menu screen, for example, the bearing choosing 
and selecting area Al is clicked on with the mouse 5, 
whereby the bearing selection screen shown in Fig. 6 is 
displayed. In the bearing selection screen, when a 
O bearing is to be searched from the bearing table, at 
«Lo least the text boxes 22a, 22b, and 22c for the inner 

diameter, the shape, and the width are sequentially 
PI selected with the mouse 5, the desired dimensions in mm, 

"30", "62", and "16" of the rolling bearing are input 
l|l through the keyboard 4, and the deep groove ball bearing 
jgj.5 selection button 22d is selected. 

As a result, the electronic catalog is retrieved, 
and data information of the corresponding designation 
number "6206", such as the principal dimensions d, D, B, 
and r, the basic dynamic load rating C, the basic static 
20 load rating C 0 , the coefficient f 0 , the allowable rotation 
number, the radial load factor X, and the thrust load 
factor Y are displayed in the form of hollow characters 
on the bearing table screen of Fig. 7. 

Also when the designation number "6206" is directly 
25 input, the bearing table screen of Fig. 7 is similarly 
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displayed. 

When, in the bearing table screen, the new-life 
calculation button 33 is selected by clicking with the 
mouse 5, the new-life calculation screen of Fig. 9 is 
displayed. When, in the new-life calculation screen, the 
read button 43 is clicked on, data information of the 
designation number which is selected in the bearing table 
of Fig. 7 is sequentially input. Namely, "Deep groove 
ball bearing" is displayed in the combo box 51 as the 
bearing type, "6206" is displayed in the text box 52 for 
the designation number, "19500" is displayed in the text 
box 53 for the basic dynamic load rating C, "1130" is 
displayed in the text box 54 for the basic static load 
rating C 0r "30" is displayed in the text box 55 for the 
bearing inner diameter d, and "62" is displayed in the 
text box 56 for the bearing outer diameter D. 

Thereafter, the load factor definition screen shown 
in Fig. 10 is displayed on the new-life calculation 
screen. Referring to the definition screen, the load 
factor f w is determined from the operation condition and 
the installation place. In this example, the load factor 
f w is determined to "1.0" which is the default value, so 
as to be used in an electric motor, a machine tool, an 
air conditioner, or the like to provide smooth shockless 
operation. 
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When the close button 262 is then selected, the load 
factor definition screen is closed, and instead the 
reliability coefficient description screen shown in Fig. 
11 is displayed. Referring to the reliability 
coefficient description screen, the reliability 
coefficient ai is determined. In this example, the 
reliability is determined to 90% which is the default 
value, and hence "1.00" is determined as the reliability 
coefficient ai. 

Thereafter, the close button 264 is selected with 
the mouse 5 to close the reliability coefficient 
description screen, thereby setting the new-life 
calculation screen shown in Fig. 9 to the active state. 
At this time, the determined load factor f w and 
reliability coefficient ai are input into the text boxes 
58 and 59 with using the keyboard 4, respectively. In 
this example, the default values are used, and hence the 
inputting operation is omitted. 

When the dynamic equivalent load calculation button 
60 is selected with the mouse 5 under this state, the 
dynamic equivalent load calculation screen shown in Fig. 
13 is displayed. In the dynamic equivalent load 
calculation screen, an ideal radial load Fr and an ideal 
axial load Fa which are obtained from the service 
condition are input into the text boxes 78 and 79 with 
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using the keyboard 4, and the rotation number, for 
example, "5000" min" 1 is input into the text box 80 with 
using the keyboard 4, At this time, in the case where 
there are plural service conditions, the additional input 
5 button 82 is selected with the mouse 5, and the ideal 
radial load Fr, the ideal axial load Fa, the rotation 
number N, and a service condition ratio in another 
service condition are then input with using the keyboard 
% 4. 

jS 10 When operations of inputting the data are completed 

w and the calculation button 72 is then selected with the 

p mouse 5, the calculation of expression (9) above is 
O performed to calculate the dynamic equivalent load P. In 

III the case of plural service conditions, the average 

O 15 rotation number N is calculated, and, in the case of a 
single service condition, the rotation number which is 
input into the text box 80 is calculated as the average 
rotation number N. The calculated dynamic equivalent 
load P and average rotation number N are displayed in the 
20 text boxes 83 and 84, respectively. 

Thereafter, the result introduction button 73 is 
selected with the mouse 5 to close the dynamic equivalent 
load calculation screen, and activate the new-life 
calculation screen of Fig. 9, so that the calculated 
2 5 dynamic equivalent load P and average rotation number N 
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are displayed in the text boxes 57 and 61, respectively. 

When the calculated dynamic equivalent load P is 
larger than 50% of the basic dynamic load rating C, or 
when it exceeds the basic static load rating C 0 , a 
warning message is displayed. 

With respect to the average rotation number also, 
when it exceeds the allowable rotation number in grease 
lubrication or oil lubrication, a warning message is 
displayed. 

When, in the displayed new-life calculation screen, 
the operating viscosity calculation button 64 is selected 
with the mouse 5, the lubrication parameter calculation 
screen shown in Fig. 15 is displayed on the new-life 
calculation screen. In the lubrication parameter 
calculation screen, the diameter dm of the pitch circle 
is displayed in the text box 93 in accordance with the 
data information of the electronic catalog, the average 
rotation number N which is calculated in the dynamic 
equivalent load calculation screen is displayed in the 
text box 94 as the bearing rotation number, and the 
default value "1.00" is displayed as the bearing 
performance coefficient A. Under this state, a lubricant 
to be used, for example, "ISO VG68" is selected from the 
lubricant list in the combo box 87 to be displayed. In 
response to this selection, the viscosity of the 
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lubricating oil at 40°C, and that at 100°C are displayed 
in the text boxes 88 and 89, respectively. When, under 
this state, the operating temperature is input into the 
text box 90 with using the keyboard 4 and the operating 
viscosity calculation button 82 is then selected with the 

mouse 5, the operating viscosity v at the operating 
temperature is calculated by a proportional calculation 
on the basis of a straight line connecting the lubricant 

viscosities at 40°C and 100°C. The calculated operating 
viscosity is displayed in the text box 91. 

Next, the required viscosity calculation button 83 
is selected and clicked on with the mouse 5. Since the 
bearing rotation number N is 5,000 min" 1 or higher than 
1,000 min" 1 , the coefficient K is set to "1", and the 
calculation of expression (11) above is performed to 

calculate the required viscosity Vi, on the basis of the 
coefficient K, the bearing rotation number N, and the 
diameter dm of the pitch circle. The calculated 
viscosity is displayed in the text box 95. 

Next, the lubrication parameter description screen 
of Fig. 16 is displayed on the lubrication parameter 
calculation screen, and it is judged from the description 
of the bearing performance coefficient A in the 
description statement whether the bearing performance 
coefficient A remains to be "1.00" or not. Thereafter, 
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the close button 111 is selected and clicked on with the 
mouse 5, whereby the lubrication parameter description 
screen shown in Fig, 15 is closed and the lubrication 
parameter calculation screen shown in Fig. 15 is set to 
5 the active state. When the bearing performance 
coefficient A is to be changed as a result of the 
judgement in the lubrication parameter description screen, 
a new bearing performance coefficient A is input with 
y using the keyboard 4, and the calculation of expression 
^Jfio (12) is then performed to calculate the corrected 

|S required viscosity vi 1 . The calculated viscosity is 
j4 displayed in the text box 97. Then, the calculation of 

f?% expression (13) above is performed to calculate the 

III lubrication parameter k indicated by a viscosity ratio, 

■015 and the calculated parameter is displayed in the text box 
98. 

When, under this state, the calculation result 
introduction button 284 is selected and clicked on with 
the mouse 5, the lubrication parameter calculation screen 
20 is closed and the new-life calculation screen shown in 
Fig. 9 is set to the active state. The lubricant "ISO 
VG68" is displayed in the text box 62 of the screen, and 
"28.5" is displayed as the operating viscosity v in the 
text box 63 . 

25 Thereafter, the contamination degree coefficient 
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definition screen shown in Fig. 19 is displayed on the 
new-life calculation screen, and it is judged whether the 
contamination degree coefficient a c remains to be the 
default value "Ordinary (a c = 0.5)" or not. When the 
service condition is the ordinary one, the default value 
is used as it is. When a sealed greased bearing for an 
electrical appliance or information in which a filter 
management of 10 jam or smaller is conducted is used, very 
high cleanness is attained and hence the contamination 
degree coefficient a c is set to "1". When the required 
cleanness is lower, the contamination degree coefficient 
a c has a smaller value in accordance with the level. 
When the bearing is to be used in a heavily contaminated 
state, the contamination degree coefficient a c is set to 
"0. 05" . 

Next, a sum Zp of the principal curvatures is 
calculated in accordance with expression (14) above on 
the basis of the principal curvatures p xl and p 12 of the 
article 1 and the principal curvatures p 2 i and p 2 2 of the 
article 2, and cost is calculated on the basis of the 
calculated sum Zp and the principal curvatures pn, p 12 , 
P21, and P22. On the basis of these values, the storage 
table, or a map indicating relationships between cost and 
the viscosity v and the coefficient of friction ji is 
referred, and the viscosity v and the coefficient of 



friction \x are calculated. Since the bearing type is a 
ball bearing, the calculation of expression (16) above is 
performed to calculate the fatigue limit load Pu, and the 
load parameter { (P - Pu)/C} • l/a c is then calculated on 
the basis of the calculated values, or the fatigue limit 
load Pu, the dynamic equivalent load P, the bearing 
dynamic load rating C, and the contamination degree 
coefficient a c . On the basis of the calculated load 
parameter { (P - Pu)/C} • l/a c and the lubrication 
parameter k, the life correction coefficient calculation 
map of Fig. 20 is referred to calculate the life 
correction coefficient a N st<. Then, the calculation of 
expression (7) above is performed to calculate the 
bearing life L A , and the result output screen shown in 
Fig. 21 is displayed so as to display the reliability 
coefficient ai, the life correction coefficient a NS K/ the 
conventional life L 10 , and the bearing life L A in the text 
boxes 143, 144, 145, and 146, respectively. 

In the result output screen, the print button 132 
may be selected and clicked on with the mouse 5, so that 
all the data displayed on the result output screen are 
printed by the printer 6. 

Thereafter, it is judged whether the calculated 
bearing life satisfies the bearing life desired by the 
user or not. If yes, the process is ended. If the 



calculated bearing life fails to satisfy the bearing life 
desired by the user, one of the followings: that the 
designation number is changed so as to increase the size 
of the bearing to be used; that the filter management of 
the lubricant is enhanced to increase the contamination 
degree coefficient a c ; and that the viscosity ratio k of 
the lubricant is increased is determined by selecting 
either of the selection buttons 151 to 153 in the change 
selection screen shown in Fig. 23. On the basis of the 
determination, the bearing life L A is recalculated, so 
that it is possible to select a rolling bearing which 
satisfies the bearing life desired by the user. 

As described above, according to the embodiment, the 
dynamic equivalent load P and the fatigue limit load Pu 
are calculated, the contamination degree coefficient a c 
is determined in consideration of the material 
coefficient, and the basic dynamic load rating C is input 
from the data information, thereby calculating the load 
parameter { (P - Pu)/C} • l/a c . The lubrication parameter 
k is calculated on the basis of the lubricant information. 

Referring to the life correction coefficient calculation 
map shown in Fig. 20, the life correction coefficient a NS K 
is calculated. On the basis of the life correction 
coefficient a NS K/ the reliability coefficient a ix the 
basic dynamic load rating C, the dynamic equivalent load 



P, and the load index p, the calculation of expression 
(7) above is performed to calculate the bearing life L A . 
In the conventional theory, as the endurance time is 
increased, the bearing load is linearly decreased as 
5 indicated by the characteristic curve Li of Fig. 22. By 
contrast, in the new life theory according to the present 
invention, the rate of change of the bearing load is 
gradually decreased as the endurance time is increased, 
3 and the bearing load is indicated as an asymptotic line 

4r io approaching to the fatigue limit load Pu as indicated by 
yl the characteristic curve L 2 . Therefore, correct life 

O prediction conforming to the actual life of the rolling 

P bearing can be conducted. 

*f 15 [Example] 

In Table 3 below, shown are conditions and results 
of tests and experiments which were conducted with using 
a deep groove ball bearing of a designation number of 
"6206", and calculation results of the conventional life 
20 calculation expression L C a which is calculated by (C/P) p 
while setting ai = a 2 = a 3 = 1 . 0 and the new-life 
calculation expression L A of the invention. The tests 
were conducted at the revolution number N = 5,000 rpm, 
and the test temperature was 40 to 145°C. 

25 
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In Table 4 below, shown are conditions and results 
5 of tests and experiments which were conducted with using 
a tapered roller bearing of a designation number of 
"L44649/610", and calculation results of the conventional 
life calculation expression L CA which is calculated by 
(C/P) p while setting ai = a 2 = a 3 = 1 . 0 and the new-life 
10 calculation expression L A of the invention. The tests 
were conducted at the revolution number N = 1,000 rpm, 
and the test temperature was 40 to 145°C. 

In each of the tests, an n"= 10 number of bearings 
were used, and the peeling life L 10 (hr) at a 90%- 
15 reliability in a peeled visual line was obtained. 

Mineral oil of VG 15 to 150 was used as the lubricating 
oil . 
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The life correction coefficient calculation map 
which was used in the new life prediction according to 
the invention in the case of a ball bearing is shown in 
Fig. 24, and that in the case of a roller bearing is 

shown in Fig. 25. 

Calculations were performed by using the life 
correction coefficient calculation map and substituting 

) conditions into the test results of Tables 3 and 4, and 
the conventional life calculation expression (JIS B 1518) 
and the life calculation expression L A of the invention 
were compared with each other. In all the test results, 
the values of the life calculation expression of the 

5 invention satisfactorily coincide with the actual values 
L 10 within an error range of about 10%. It was proved 
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that the accuracy of the life prediction according to the 
invention is improved as compared with that of the 
conventional art. 

In the experiments, SUJ2 was used as the material. 
5 In the case where steel of higher cleanness is used, the 
fatigue limit load Pu may be set to be higher than the 
current maximum contact surface pressure P max = 1,500 MPa. 
A bearing which is to be used in an environment 
^£1 where a foreign material may enter the bearing is 

«JS 10 preferably configured in the following manner* With 



respect to a special bearing such as that in which the 
amount of retained austenite is 20 to 50% and the 
hardness Hv is 700 to 850 as described in NSK Technical 
Journal No. 652 (1992, pp. 9-16), it seems effective to 

15 incorporating the contamination degree coefficient a c 

into the calculation expressions (7) and (8) with setting 
the coefficient as a function of the value of SUJ2 as 
indicated by following expression (18): 

a c = g(a m , a c ) (18) 

20 In order to schematize the relationship between the 

viscosity ratio k and the life ratio so as to be 
reflected into the calculation expressions, the 
relationship between the viscosity ratio k and the life 
may be defined as the lubrication parameter a L as shown 

25 in Fig. 25, in consideration of the relational diagram 
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-SiWK. 

Ill 



between the viscosity ratio k and the service condition 
coefficient a 3 appearing in Beiblatt 1993 DIN IS0281, and 

the relational diagram between A and a 2 3 which has already 
been reported by the inventor (Proceedings of Japan 
5 Tribology Conference (Osaka, 1997-11, pp. 324-326)). In 
this case, a life calculation expression of higher 
accuracy can be obtained. 

In the first embodiment described above, the 
contamination degree coefficient definition screen, the 
J* 10 reliability coefficient description screen, the 
lubrication parameter description screen, the 
contamination degree coefficient definition screen, and 
the life correction coefficient description screen are 
automatically displayed. The invention is not restricted 
is to this. Alternatively, display buttons for displaying 
such definition and description screens may be disposed 
in the new-life calculation screen, the lubrication 
parameter calculation screen, and the like which use such 
screens, and the buttons may be selected and clicked on 
20 with the mouse 5 so ^as to display a selected one of the 
screens. Alternatively, a pull-down menu for items such 
as help may be disposed in the tool bar, and a menu for 
displaying such screens may be registered in the pull- 
down menu. 

25 In the first embodiment described above, the life 
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prediction application program is installed into the 
personal computer 1. The invention is not restricted to 
this. In the case where a plurality of computers are 
interconnected as a LAN, the life prediction application 
program may be installed into one of the computers, and 
the program may be commonly used by the other computers. 
Alternatively, a life prediction application program may 
be stored in a Web site of an Internet, and a client may 
access the program with or without charge. 

The life prediction application program may be 
stored into a storage medium other than a hard disk, such 
as a compact disk (CD) or a magnetooptical disk (MO) , and 
carried or installed into another information processing 
apparatus . 

In the first embodiment described above, the life 
correction coefficient a NS K is calculated on the basis of 
the lubrication parameter k and the load parameter { (P - 
Pu)/C} • l/a c and with reference to the life correction 
coefficient calculation map shown in Fig. 20. The 
invention is not restricted to this. Alternatively, 
approximate equations of the characteristic curves of the 
life correction coefficient calculation map of Fig. 20 
may be obtained, and the life correction coefficient a N sK 
may be calculated by a calculation using the equations. 

In the first embodiment described above, the 
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predicted life period is output as a single value as 
shown in Fig. 21. The invention is not restricted to 
this. Alternatively, the life predicting calculation may 
be performed for each of the reliabilities ai shown Fig. 
5 11 and Table 1, and results of the calculations may be 
used as parametric indication information which is 
displayed in the form of a graph such as shown in Fig. 27 
wherein the abscissa indicates the predicted life period 
O and the ordinate indicates the reliabilities ai used in 
^gio the calculations. The information may be supplied to 
W exhibiting means such as the display device 3 or the 

printer 6. In the alternative, relationships between the 
i*% reliabilities ai and the predicted life periods can be 
ry accurately visually recognized for each parameter, so 
Q15 that more preferable customer service information can be 
provided. The parameter is not restricted to the 
reliability a lf and any parameter (s) such as the bearing 
size, the contamination degree, the dynamic bearing load 
P, the bearing rotation speed, the lubricant kind, the 
20 service temperature, and the material kind may be 
employed. 

Next, a second embodiment of the invention will be 
described with reference to Fig. 28 and following figures. 
In the second embodiment, as shown in Fig. 28, an 
25 electronic catalog which stores bearing selection 
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application software including life prediction 
application software is installed into a hard disk of a 
WWW (World Wide Web) server 202 connected to the Internet 
200 via a router 201. 

The bearing selection application software performs 
a rolling bearing selecting process including the above- 
mentioned process of predicting the life of a rolling 
bearing in the first embodiment, on the basis of the 
input data information with using spreadsheet application 
software or the like, thereby exhibiting the optimum 
bearing, the optimum service condition, and the predicted 
life period which are desired by the user. 

In the rolling bearing selecting process, as shown 
in Fig, 29, it is first judged in step S401 whether the 
server is accessed through the Internet 200 by an 
information processing apparatus such as a personal 
computer of the user or not. If not accessed by the user, 
the control waits until the server is accessed by the 
user. If accessed by the user, the control proceeds to 
step S402 in which display information for displaying a 
bearing selection screen is transmitted to the 
information processing apparatus of the user. The 
bearing selection screen has a language selecting portion 
for selecting one of languages such as Japanese, English, 
German, French and the like. Thereafter, the control 
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proceeds to step S403 in which the selected language is 
judged and a displaying process in the selected language 
is implemented, and then proceeds to step S404 . 

In step S404, input screen information for 
requesting the user to input user account information and 
a password, and, in the case where user registration has 
not been conducted, prompting the user to conduct user 
registration is transmitted to the information processing 
apparatus of the user. Then, the control proceeds to 
step S405 to judge whether user account information and a 
password are input or not. If they are input, the 
control proceeds to step S409 which will be described 
later. If user account information and a password are 
not input, the control proceeds to step S406 to judge 
whether user registration is selected or not. If it is 
not selected, the control proceeds to step S407 to judge 
whether the user access is ended or not. If the user 
access is ended, the control returns to step S401, and, 
if the user access is not ended, the control returns to 
step S405. 

If a result of the judgement in step S406 shows that 
user registration is selected, the control proceeds to 
step S408 to implement a process of registering the user, 
and then proceeds to step S409. In the user registering 
process, input screen information for displaying an input 
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screen for inputting the name, the name of the company, 
the name of the post, and the E-mail address or a 
telephone number is transmitted to the information 
processing apparatus of the user, and, when predetermined 
items are input into the input screen information, user 
account information and a password are issued. 
Thereafter, the process is ended, and the control 
proceeds to step S409. 

In step S409, information of a purchase information 
input screen into which a desired delivery time and a 
desired cost of a bearing are to be input is transmitted 
to the information processing apparatus of the user. The 
control then proceeds to step S410 to judge whether, on 
the basis of the purchase information input screen 
information, a desired delivery time of a bearing and a 
desired cost are input or not. If one or both of them 
are input, the control proceeds to step S411 to store the 
input desired delivery time and/or desired cost are 
stored in a predetermined storage area, and then proceeds 
to step S413. If the desired delivery time and the 
desired cost are not input, the control proceeds to step 
S412 to judge whether a skip button is selected or not. 
If the skip button is not selected, the control returns 
to step S412, and, if the skip button is selected, the 
control proceeds to step S413. 
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In step S413, display information for displaying a 
bearing kind display screen which is shown in Fig. 32 and 
into which the bearing kind is to be input is transmitted 
to the information processing apparatus of the user. In 
the bearing kind display screen, a check box 211 for 
selecting one of a ball bearing and a roller bearing, a 
check box 212 for selecting one of a radial bearing and a 
thrust bearing, a check box 213 for selecting 
necessity/unnecessity of column designation, a drop-down 
box 214 for selecting one of a single column, double 
columns, and multiple columns, a return button 215, and a 
next button 216 are displayed, and the check boxes 211 
and 212 are set as essential input items. 

Next, the control proceeds to step S414 to judge 
whether the next button 216 is selected or not. If the 
button is not selected, the control proceeds to step S415 
to judge whether the return button 215 is selected or not. 

If the button is not selected, the control returns to 
step S414, and, if the button is selected, the control 
returns to step S409. 

If a result of the judgement in step S414 shows that 
the next button 216 is selected, the control proceeds to 
step S416 in which display information for displaying a 
data information input screen shown in Fig. 33 is 
transmitted to the information processing apparatus of 
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the user. In the data information input screen, disposed 
are a display area 221 in which predetermined items are 
displayed, and buttons which are arranged below the 
display area 221, or a calculation button 222, a read 
5 button 223, a save button 224, an initialization button 
225, and a return button 226. 

The display area 221 includes: a combo box 231 for 
selecting the bearing type; a text box 232 for inputting 
O the designation number, a text box 233 for inputting the 
tfjio dynamic load rating C of the bearing, a text box 234 for 
j|j inputting the static load rating C 0 of the bearing; a 
g text box 235 for inputting the inner diameter d of the 
g bearing; a text box 236 for inputting the outer diameter 
|jj D of the bearing; a text box 237 for displaying the load 
q15 P/C acting on the bearing; a text box 238 for inputting 
the rotation number; a text box 239 for inputting an 
operating temperature; a combo box 240 for selecting a 
lubricant; a text box 241 for displaying the operating 
viscosity v; a combo box 242 for selecting the 
20 contamination degree coefficient a c ; a text box 243 for 
displaying the contamination degree coefficient a c ; a 
combo box 244 for selecting the specification of the 
bearing material; and a text box 245 for inputting the 
bearing life period. As default values, "Ordinary (a c = 
25 0.5)" is displayed in the combo box 242 for the 
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contamination degree coefficient a c/ "0.5" is displayed 
in the text box 243 for the contamination degree 
coefficient a c/ and "High-carbon chrome bearing steel 
(SUJ2Z, SUJ3Z) " is displayed in the combo box 244 for the 
specification of the bearing material. When the read 
button 223 is selected under a state where the 
designation number is input into the text box 232, the 
bearing dynamic load rating C, the bearing static load 
rating C 0 , and the inner and outer diameters of the 
bearing which correspond to the designation number are 
displayed in the text boxes 233 to 236, respectively. 
When the save button 224 is selected, the data which are 
set in the display area 221 are stored. When the 
initialization button 225 is selected, the data of the 
display area 221 are returned to the initial state. 

Next, the control proceeds to step S417 to judge 
whether the calculation button 222 is selected or not. 
If the calculation button is not selected, the control 
proceeds to step S418 to judge whether the return button 
226 is selected or not. If the return button 226 is 
selected, the control returns to step S413, and, if the 
return button 226 is not selected, the control returns to 
step S417. 

If a result of the judgement in step S417 shows that 
the calculation button 222 is selected, the control 
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proceeds to step S419 to judge whether the designation 
number is input or not. If the designation number is 
input, the control proceeds to step S420 in which it is 
judged whether the operation condition items, i.e., the 
5 load P/C acting on the bearing, the rotation number of 
the bearing, the lubricant, the operating viscosity v, 
the contamination degree coefficient a c , and the 
specification of the bearing material are input or not. 
O If the operation condition items are input, it is judged 
©10 that the user requests the life period of the bearing, 

W and the control proceeds to step S422 to perform the 

*?$ % 

above-mentioned bearing life calculating process of the 

■fees? 

^ first embodiment, thereby calculating the lubrication 
jy parameter k, the load parameter { {P - Pu) /C} • l/a c , and 
pi 5 the life correction coefficient a NS K, and the rolling 

bearing life period L A is calculated on the basis of the 
calculated parameters and coefficient. Then, the control 
proceeds to step S423 in which the calculated rolling 
bearing life period L A is displayed, and display screen 
2 0 information for displaying the delivery time and cost of 
the optimum bearing is transmitted to the information 
processing apparatus of the user. Thereafter, the 
control proceeds to step S424 to judge whether an end 
button included in the display screen information is 
25 selected or not. If the end button is selected, the 
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control returns to step S401, and, if the end button is 
not selected, the control proceeds to step S425 to judge 
whether the return button is selected or not. If the 
return button is selected, the control returns to step 
S416, and, if the return button is not selected, the 
control returns to step S424. 

If a result of the judgement in step S420 shows that 
the operation condition items are not input, the control 
proceeds to step S42 6 to judge whether a demanded bearing 
life period L D is input or not. If the demanded bearing 
life period L D is not input, the control proceeds to step 
S427 in which guidance information for prompting the user 
to input operation condition or the demanded bearing life 
period is transmitted to the information processing 
apparatus of the user, and then returns to step S420. If 
the demanded bearing life period L D is input, it is 
judged that the user requests the optimum operation 
condition, and the control proceeds to step S428 to 
perform an optimum operation condition determining 
process. 

In the optimum operation condition determining 
process, as shown in Fig. 30, the control first proceeds 
to step S429 in which assumed values are set as operation 
condition. 

In the assumed values, for example, P/C = 0*1 is set 
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as an assumed value of the load acting on the bearing, a 
value which is 1/10 of the allowable rotation number is 
set as that of the bearing rotation number, 50°C is set 
as that of the operating temperature, oil: ISO VG68 or 
5 grease: NS7 is set as that of the lubricant, a c = 0.5 is 
set as that of the contamination degree coefficient a c , 
and SUJ2 is set as that of the bearing material. 

Next, the control proceeds to step S430 to perform 
O the above-mentioned bearing life calculating process of 
«ao the first embodiment, on the basis of the assumed values, 
JjJ and the bearing dynamic load rating C and the bearing 
JJ static load rating C 0 based on the designation number, 
p thereby calculating the lubrication parameter k, the load 
B Parameter { (P - Pu)/C} • l/a c , and the life correction 
qL5 coefficient a NS K, and the rolling bearing life period L A 
is calculated on the basis of the calculated parameters 
and coefficient. Thereafter, the control proceeds to 
step S431. 

In step S431, it is judged whether the calculated 
20 bearing life period L A is within, for example, ±10% of 

the input demanded bearing life period L D or not. If L D x 
0 . 9 < L A < L D x 1 . 1, it is judged that the assumed 
operation condition is optimum condition. Thereafter, 
the control proceeds to step S432 in which display 
2 5 information for an optimum condition display screen for 
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displaying the optimum operation condition is transmitted 
to the information processing apparatus of the user and 
then displayed, and display screen information for 
displaying the delivery time and cost of the optimum 
bearing is transmitted to the information processing 
apparatus of the user and then displayed. Thereafter, 
the subroutine process is ended, and the control proceeds 
to step S424 of Fig. 29. 

If a result of the judgement in step S431 shows that 
L A < L D x 0.9 or L A > L D x 1.1, the control proceeds to 
step S433 in which the assumed values of the operation 
condition are changed to subsequent assumed values that 
are preset, and then proceeds to step S430. 

Returning to Fig. 29, if a result of the judgement 
in step S419 shows that the designation number is not 
input, the control proceeds to step S434 to judge whether 
the above-mentioned operation condition is input or not. 
If the operation condition is input, the control proceeds 
to step S435 to judge whether the demanded bearing life 
period L D is input or not. If the demanded bearing life 
period L D is input, it is judged that the user requests 
the selection of the optimum bearing, and the control 
proceeds to step S436 to perform an optimum bearing 
determining process. 

In the optimum bearing determining process, as shown 
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in Fig. 31, the bearing type is first referred in step 
S437. In the case where the bearing type is a standard 
bearing which is produced in a large number, for example 
a radial ball bearing, one of designation number 6206 
indicating a deep groove ball bearing, and designation 
number 7206 indicating an angular ball bearing is 
assumed; in the case of a radial roller bearing, one of 
designation number NU206 indicating a cylindrical roller 
bearing, and designation number HR30206 indicating a 
tapered roller bearing is assumed; in the case of a 
thrust ball bearing, designation number 51306 indicating 
a thrust ball bearing is assumed; and, in the case of a 
thrust roller bearing, designation number 29420 
indicating a self-aligning thrust roller bearing is 
assumed. 

Next, the control proceeds to step S438 to perform 
the above-mentioned bearing life calculating process of 
the first embodiment, on the basis of the assumed 
designation number, and operation condition, thereby 
calculating the lubrication parameter k, the load 
parameter { (P - Pu)/C} • l/a c , and the life correction 
coefficient a NSK / and the rolling bearing life period L A 
is calculated on the basis of the calculated parameters 
and coefficient. Thereafter, the control proceeds to 
step S439. 
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In step S439, it is judged whether the calculated 
bearing life period L A is within, for example, ±10% of 
the input demanded bearing life period L D or not. If L D x 
0 . 9 < L A < L D x 1 . 1 , it is judged that the assumed 
designation number is optimum condition. Thereafter, the 
control proceeds to step S440 in which the optimum 
bearing designation number Is displayed, and information 
of an optimum bearing selection display screen for 
displaying the delivery time and cost of the optimum 
bearing is transmitted to the information processing 
apparatus of the user, and then proceeds to step S424. 

If a result of the judgement in step S439 shows that 
L A < L D x 0.9 or L A > L D x 1.1, the control proceeds to 
step S441 in which the assumed bearing designation number 
is changed to a larger or smaller number, and then 
returns to step S438. 

Returning again to Fig. 29, if a result of the 
judgement in step S434 shows that operation condition is 
not input, the control proceeds to step S442 in which 
guidance information for prompting the user to input the 
designation number or operation condition is transmitted 
to the information processing apparatus of the user, and 
then returns to step S419. If a result of the judgement 
in step S435 shows that the demanded bearing life period 
L D is not input, the control proceeds to step S443 in 



which guidance information for prompting the user to 
input the designation number or the demanded bearing life 
period L D is transmitted to the information processing 
apparatus of the user, and then returns to step S419. 

Next, the operation of the second embodiment will be 
described. 

It is assumed that the user accesses the WWW server 
202 through the Internet 200. First, a user registration 
input screen for inputting the user account information 
and the password is displayed. If the user is a 
registered user, the user can input the user account 
information and the password into the user registration 
input screen, thereby enabling the bearing selecting 
process to be performed. In the case where the user is 
an unregistered user, when predetermined items are input 
into the user registration screen, the user is registered, 
and user account information and a password are set, 
thereby enabling the bearing selecting process to be 
performed. 

In the bearing selecting process, first, the bearing 
kind input screen shown in Fig. 32 is displayed. In the 
bearing kind input screen, a ball bearing or a roller 
bearing is selected as an essential input item, and a 
radial bearing or a thrust bearing is selected. Since 
the column designation is an optional item, it is not 
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necessary to perform the column designation. 

When, after selection of the essential items is 
completed, the next button 216 is selected, the input 
screen for inputting a desired delivery time and a 
desired cost is displayed. When they are necessary, one 
or both of the desired delivery time and the desired cost 
are input, and, when they are not necessary, the input 
operation is skipped. 

Next, the data information input screen shown in Fig 
33 is displayed. In the data information input screen, 
when the bearing type such as a deep groove ball bearing, 
an angular ball bearing, a cylindrical roller bearing, or 
a self-aligning roller bearing has been determined and 
the life period L A of a bearing the designation number of 
which has been determined is to be known, at least the 
load P/C acting on the bearing, the bearing rotation 
number, the operating temperature, and the lubricant kind 
which are essential input items of operation condition 
are input. In the case where the operating viscosity v, 
the contamination degree coefficient a c , and the 
specification of the bearing material have not yet been 
input, oil: ISO VG68 is set when oil only is designated 
as the lubricant, or grease: NS7 is set when grease only 
is designated. When the contamination degree coefficient 
a c has not yet been input, a c = 0.5 is set. When the 
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specification of the bearing material has not yet been 
input, SUJ2 is set. 

When the input of operation condition is completed 
and the calculation button 222 is selected, calculations 
similar to those of the first embodiment to calculate the 
lubrication parameter k, the load parameter { (P - Pu) /C} 
• l/a c/ and the life correction coefficient a NSK , and the 
rolling bearing life period L A is calculated on the basis 
of the calculated parameters and coefficient. The 
calculated rolling bearing life period L A is output 
through the display device 3 or the printer 6. 

When optimum operation condition is to be known, the 
bearing designation number and the demanded bearing life 
period L D are input into the data information input 
screen of Fig. 33. 

When "6306" is input as the bearing designation 
number, "5000hr" is input as the demanded bearing life 
period L D , and the calculation button 222 is selected, 
operation condition is set in the following manner. An 
assumed value P/C =0.1 (p = 2,670 N) is set as the load 
acting on the bearing, 5,000 rpm is set as an assumed 
value of the bearing rotation number, 70°C is set as that 
of the operating temperature, ISO VG68 is set as that of 
the lubricant, 0.5 is set as that of the contamination 
degree coefficient a c . 



When a life calculating process similar to that of 
the first embodiment is performed based on the condition, 
the load parameter { (P - Pu)/C} • l/a c = 0.14, the 
lubrication parameter k = 2.24, and the life correction 
coefficient a N3K = 25.57 are calculated, and the bearing 
life period L A = 85,243 hours is calculated on the basis 
of the calculated parameters and coefficient. 

The bearing life period L A is 1.7 times longer than 
the demanded bearing life period L D = 50,000 hours, and 
longer than Lo x 1.1= 55,000 hours. Therefore, the 
assumed value of the load P/C acting on the bearing is 
changed to P/C =0.125 (P = 3,337.5), and the life 
predicting calculation is again performed on the basis of 
the new assumed value. As a result, the bearing life 
period L A = 23,286 hours is calculated. The bearing life 
period L A is shorter than the demanded bearing life 
period L D = 50,000 hours, and also than L D x 0.9 = 45,000 
hours. Therefore, the assumed value of the load P/C 
acting on the bearing is changed to P/C =0.11 (P = 2,937 
N) , and the life predicting calculation is again 
performed on the basis of the new assumed value. As a 
result, the bearing life period L A = 48,116 hours is 
calculated. The bearing life period L A is shorter than 
the demanded bearing life period L D = 50,000 hours, but 
longer than Lq x 0.9= 45,000 hours and within an 



allowable range. Therefore, the load P/C acting on the 
bearing is changed to a convenient value or P = 2,900 N, 
and the life predicting calculation is again performed. 
As a result, the bearing life period L A = 51,832 hours is 
calculated. This life period satisfies the demanded 
bearing life period L D = 50,000 hours. 

Therefore, an answer screen is displayed on the 
display device 3. In the screen, the operation condition 
including the bearing designation number "6306", the load 
P/C acting on the bearing P = 2,900 N, the bearing 
rotation number: 5,000 rpm, the operating temperature: 
70°C, the lubricant: ISO VG68, and the contamination 
degree coefficient a c = 0.5, and the bearing life period 
L A = 51,832 hours are displayed, and an estimated amount 
and a delivery time of the bearing are displayed. 

In place of the answer screen displaying the values, 
a graph in which, as shown in Fig. 34A, the ordinate 
indicates the life period, the abscissa indicates the 
contamination degree coefficient a c , and relationships 
between the life period L A and the demanded life period L D 
in the case of the contamination degree coefficient a c of 
0.05, 0.1, 0.2, 0.4, 0.5, 0.8, and 1 are shown in a 
parametric manner, and a graph in which, as shown in Fig. 
34B, the ordinate indicates the life period, the abscissa 
indicates the bearing load P, and relationships between 



the life period L A and the demanded life period L D in the 
case of the bearing load P of 2, 000 N, 2, 670 N, 3337.5 N, 
and 4, 000 N are shown in a parametric manner may be 
displayed. In this case, the user can easily know a 
limit value which satisfies the demanded life period L D . 

The case where, while designating operation 
condition and the demanded life period L D , an optimum 
bearing of an inner diameter of 30 mm is to be known will 
be considered. When the bearing kind is set as a ball 
bearing and a radial bearing is set, "6306" is assumed as 
the designation number of a usual deep groove ball 
bearing. A life predicting calculation is performed on 
the deep groove ball bearing to calculate the bearing 
life period L A . Designation numbers "6906", "6006", 
"6206", and "6306" which are 47, 55, 62, and 72, 
respectively in outer diameter of the bearing size are 
sequentially assumed, whereby a bearing designation 
number in which the calculated life period is within an 
allowable range with respect to the demanded life period 
L D is selected as an optimum bearing. 

In the second embodiment described above, the 
bearing selection program is installed into the WWW 
server 202. The invention is not restricted to this. 
Alternatively, the bearing selection program may be 
installed into a server connected to a local area networ 



and an information processing terminal such as a personal 
computer may access the server through the local area 
network . 

In the second embodiment described above, the user 
5 registration is performed in the WWW server 202. The 

invention is not restricted to this. Alternatively, the 
user registration may be performed by mail or using a 
facsimile apparatus, 
p In the second embodiment described above, the 

ygLO bearing selection application program is installed into 
O the hard disk of the WWW server 202. The invention is 

not restricted to this. Alternatively, the program may 
U be stored into a storage medium other than a hard disk, 
p such as a compact disk (CD) or a magnetooptical disk (MO), 
pis and carried or installed into another information 
processing apparatus. 

While only certain embodiments of the invention have 
been specifically described herein, it will apparent that 
numerous modifications may be made thereto without 
20 departing from the spirit and scope of the invention. 
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